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This TDC changes normal operation proc.-tlurc for Descrn: and 
Kn^in<- Shutdown. 

Insert pngu --20A. 

Insert page 2-JOA 

The Abbreviated Checklist will be ciunpid and ropl«n:ing pages 
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NOTE : The technical data Information furnished herein la Intended to be 
used aa INTERIM data only. It will be replaced and euperscded 
at the time of leaue of the next revision to the flight manual. 
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NORMAL DESCENTS - Change to read as follows: 
At M.^ch 1.5: 

13. RPM - Check 6000 or above 

Maintain it lust 55C0 during remainder oi d> scent to subsonic 
speed. 
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ENGINE SHUTDOW N - Change as follows: 

CAUTION (s .me) 



1. Wheel chocks - n.»t. •'•>d (s ime) 

2. Onopy sc.il pressure lever - OFF 

3. Canopy - Open 

4. INS - As briefed. 



CAUTION 

The INS should not be operated more than 
5 minutes after opening the canopy to avoid 
the possibility of excessive "-NS ccmpow i-.t 
temperatures. 

Balance of step procedure s;»me. 
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A- 12 FLIGHT MANUAL 
TECHNICAL DATA CHANGE 

This TDC transmits revised pages which replace and supersede 
previously furnished pages for the Flight Manual dated 15 October 
1967, Incorporation of previously furnished TDC's provides ex- 
panded performance which includes: 

Revised Military Climb performance at various temper- 
atures (1956 ARDC Atmosphere). 

Revised Normal Climb performance at various temper- 
atures for both 1956 ARDC and "Mean Tropic" Atmospheres. 

Revised Cruise performance at various temperatures. 

Revised Cruise Profiles covering: 
Long Range Cruise- 
High Altitude Cruise 
Maximum A/B Ceiling Cruise 

Additional descriptive and operating information has been incorporated 
including Emergency forward transfer, updated engine time, EGT limits, 
additional tire limits and a new drag chute deploy limits. The Pilot's 
Abbreviated Checklist will be revised and issued to conform. 
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THE AIRCRAFT 



AIRCRAFT DIMENSIONS 



The A-12 is a delta wing, single place air- 
craft powered by two axial flow bleed bypass 
turbojet engines with afterburners. The 
aircraft is buUt by the Lockheed -Calif ornia 
Company and is designed to operate at very 
high altitudes and at high supersonic speeds. 
Some notable features of the aircraft are 
very thin delta wings, twin canted rudders 
mounted on the top of the engine nacelles, 
and a pronounced fuselage chine extending 
from the nose to the leading edge of the wing. 
The propulsion system uses movable spikes 
to vary inlet geometry. The surface controls 
are elevons and rudders, operated by irre- 
versible actuators with artificial pilot con- 
trol feel. A single-point pressure refueling 
system i* installed for ground and in-flight 
refueling. A drag chute is provided to re- 
duce landing roll. 



The overall aircraft dimensions are as 
follows: 



Wing Span 
Length {overall) 
Height (to top of 
vertical stabilizer) 
Tread (MLG center 
wheels) 



AIRCRAFT GROSS WEIGHT 



55.62 ft. 
101.6 ft. 
18.45 ft. 

16.67 ft. 



The ramp gross weights of these aircraft 
may vary from approximately 122,900 lb. 
to 124,600 lb. with 10,590 gallons of fuel. 
This is based on zero fuel weights between 
54,600 lb. and 56,300 lb. . fuel density of 
6.45 lb. par gallon, and varying cquip-n«nt 
loading configurations. 
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INSTRUMENT PANEL 
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Alii CONDITIONING COfrROL PANEL 
AIRSPEED -MACH VfTER 
BEARINC DISTANCE HEADING 
INDICATOR IBOHIl 
AVARC-SCl RANGE I 
INS 01 STANCE TO 60 
SPECS INDICATOR 
WINDSHIELD DC1CER SWITCH 
RAIN REMOVAL SPRAY BUTTON 



Al? REFUTE RT.'O* ■ DISC 
LIGHT AND SWITCH 
ATTITUDE INDICATOR 
DC-ICING WARMING LIGHT 
MASTER CAUTION LIGHT 
AITI METER 

PERISCOPE VIEWING SCREEN?? 
/JJCKTS a 
'cnWPftSSOR INUT STATIC M 
PRE5SURE GAGE » 
FUEL OCRICHMENT WARNING 31 
UCHTS (7) » 
VERTICAL SPEED INOICATOR 33 
COMPRESSOR INLET 54 
TEMPERATURE CAGE 
ELAPSED TIME CLOCK * 
FIRE WARNING LIGHTS J7 
TRIPLE DISPLAY INDICATOR J, 



TACHOMETERS 
EXHAUST GAS 
TEMPERATURE INDICATORS 
EXHAUST mzm 
POSITION INDICATORS 
FUa TANK SWITCHES 
FUEL FORWARD TRANSFER SWITCH 44 
QUAD HYDRAULIC QUANTITY 
AIR REFUEL SWITCH 45 
LIQUID NITROGEN QTY INDICATOR 
FUEL TAW PRESSURE INDICATOR 46 



fUll OUMP SWITCH 
PUMP RELEASE SWITCH 
FUCl QUANTITY INOICATOR 
ILS PANtt 

IESI N AND TANK LIGHT SWITCH 



OIL PRESSURE INDICATORS 
SPIKE POSITION INOICATOR 
HYORAUUC SYSTEM IA AND 8) 
PRESSURE GAGE 
HYDRAULIC SYSTEM (LAND R» 
PRESSURE GAGE 
COCKPIT PRESSURE SCHEDULE 
SWITCH 

EMERGENCY FUEL SHUTOFT 
swircvts 

BACKUP PITCH OAMPCR SWITCH 
A-13A CLOCK 
ANNUNCIATOR PANELS 
PITCH LOGIC OVCRRIOF SWITCH 
YAW 10GIC OVERRIDE SWITCH 
LANDING GEAR RELEASE HANDLE 



NOSE AIR OFT HANDLE 
TRIM POWER SWITCH 
HYDRAULIC RESERVE OIL SWITCH 
PITOT HEAT SWITCH 
SURFACE LIMITER HANDLE 
INS OEST AND SELECT PANEL 
COURSE INDICATOR 
SPIKE SWITCH 
TURN AND SLIP INOICATOR 
SPIKE AND BYPASS CONTROL 
PANEL 

STANDBY ATTITUDE INDICATOR 
RESTART SWITCHES 
FUEL DCRICHMENT ARMING SWITCH 
PERISCOPE CONTROL PANEL 
EXHAUST GAS TEMPERATURE 
TRIM SWITCHES 
LANDING GEAR DOWN 
INDICATOR LIGHTS 
LEFT FORWARD PANEL 
LANDING AND TAXI LIGHT SWITCH 
ALT STEER AMD BRAKE SWITCH 



Figure 1 -?. 
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1 AH IYPASS INDICATOR LIOHTS 

2 AFT BYPASS SWITCHES 
J RUDDER SYNCHRONIZER SWITCH 

4 ROU TRIM SWITCH 

5 THROTTLE QUADRANT 

6 OXYGEN PANEL 

7 CANOPY JETTISON I 
I UHF COMMAND 

CONTSO; PANEL 
« UHF COMMAND 

CONTROL PANEL 
10 Q-BAY EQUIPMENT PANEL (NOT SHOWN) 
U SUIT VENTILATION 80OST LEVER 

12 HF RADIO CONTROL PANEL 

13 IFFfSIF CONTROL PANEL 
PANEL LIGHTS SWITCH 



IN 



IFR VOLUME CONTROL 
COMMUNICATION SELE... 
BEACON-FUSELAGE LIGHTS 
DE-FOG SWITCH 
HF MUTE-UN MUTE SWITCH AND LIGHT 

ERECT SWITCH 



22 RADIO BEACON-SELECTOR SWITCH 



Figure 1-3 
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NOTE 

See the weight and balance hand- 
book. T. O. I-1B-40 for information 
rogarding specific aircraft and 
equipment configuration*. 



ENGINE AND AFTERBURNER 

Thrust ia aupplied by two Pratt and Whitney 
JT11D-20A bleed bypass turbojet engines 
with afterburners. The interim maximum 
afterburning static thrust rating of each 
engine is 31,500 pounds at sea level with 
standard day conditions. The engines are 
designed for continuous maximum thruat op- 
eration at the high compressor Inlet tem- 
peratures associated with high Mach number 
and high altitude operation. There is no 
time limit on maximum thrust operation. 
The engine has a single rotor, nine stage, 
8:1 pressure ratio compressor utilising a 
compressor bleed bypass cycle for high 
Mach number operation. The bypass sys- 
tem bleeds air from the fourth stage of the 
compressor, and six external tubos duct 
the air around the rear stages of the com- 
bustion section and the turbine. The air 
reenters the turbine exhaust ahead of the 
afterburner and Is used for increased 
thrust augmentation. When the engine goes 
Into bypass operation, the afterburner fuel 
control resets to furnish additional fuel to 
the afterburner. The transition to bypass 
operation is scheduled by the main fuel 
control as a function of compressor Inlet 
temperature (CIT) and engine speed. The 
transition normally occurs at a CIT of ap- 
proximately 150° to 190°C. corresponding 
to a Mach number range of 2.2 to 2.3. 

Engine speed on the ground, or at low Mach 
numbers, varies with throttle movement 
from IDLE to a position slightly below 
MILITARY thrust. Between this throttle 



position and the maximum afterburning 
thrust position the main fuel control sched- 
ules engine speed as a function of CIT and 
modulates the variable area exhaust nozzle 
to maintain approximately constant rpm. 
Throttle movement In the afterburning 
range varies the afterburner fuel flow, noz- 
zle position and thrust. At high Mach num- 
ber and constant Inlet conditions, the engine 
speed la essentially constant for all throttle 
positions down to and Including IDLE. At a 
fixed throttle position, the engine speed wtl] 
vary according to schedule when Mach num- 
ber and CIT change. 

The engine has a two stage turbine. Com- 
pressor discharge air cools the first stage 
and la then returned to the exhaust gas 
stream. Turbine discharge temperatures 
are monitored by Indications of exhaust gas 
temperaturos. A chemical Ignition system 
la used to Ignite the low vapor pressure 
fuel. A separate engine driven hydraulic 
system, using fuel as hydraulic fluid, op- 
erates the exhaust nozzle, chemical Ignition 
system dump, compressor bypass and 
starting bleed systems. The main fuel 
pump, engine hydraulic pump and tach- 
ometer are driven by the main engine gear- 
box. The afterburner fuel pump is powered 
by an air turbine driven by compressor dis- 
charge air. The ac generator, aircraft 
hydraulic pumps and fuel circulating pump 
are located on a remote gearbox driven by 
the engine power takeoff pad through a re- 
duction gearbox. 

ENGINE THRUST RATINGS 

The engine thrust ratings are defined by the 
power lever position at the main fuel control. 
The power lever la mechanically linked to 
the throttle, providing a relationship be- 
tween throttle position and thruat ratings. 

i 
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ENGINE AND A/B FUEL SYSTEM 
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Moximum Roted Thrust 

Maximum rated thrust is obtained in after- 
burning by placing the throttle against the 
quadrant forward stop. 

Minimum Afterburning Thrmt 

MINIMUM afterburning thrust i* ob- 
tained with the throttle just forward of the 
quadrant MILITARY thrust detent. After- 
burner ignition is automatically actuated 
when the throttle Is advanced past the detent 
and afterburner fuel flow Is terminated when 
the throttle it retarded aft of the detent. 
Afterburning fuel flow and thrust are mod- 
ulated by moving the throttle between the 
detent and the quadrant forward stop. Mini- 
mum afterburning is approximately 85% of 
maximum afterburning thrust at sea level 
and approximately 55% at high altitude. The 
basic engine operates at MILITARY rated 
thrust during all afterburning operation. 

Military Rated Thrmt 

MILITARY rated thrust Is the maximum 
non -afterburning thrust and is obtained by 
placing the throttle at the MILITARY 
thrust detent on the quadrant. 

IDLE Is a throttle position for minimum 
thrust operation. It is not an engine rating. 
Minimum thrust is always obtained when 
the throttle is at the IDLE stop on the quad- 
rant. 

Start 

There is no distinct throttle position for 
starting. Starting is accomplished by mov- 
ing the throttle from OFF to the IDLE posi- 



tion as the proper engine speed is reached. 
This directs fuel to the engine burners by 
actuation of the windmill bypass valve and 
actuates the chemical Ignition system. 

Off 

The aft stop on the quadrant is the engine 
OFF throttle position. In this position, the 
windmill bypass valve cuts off fuel to the 
burners and bypasses it back to the aircraft 
system. This provides engine oil, fuel pump 
and fuel hydraulic pump cooling when an 
engine la wlndmllllng at high Mach number. 

ENGINE FUEL SYSTEM 

Engine fuel system components Include the 
engine driven fuel pump, main fuel control, 
windmill bypass valve and variable area fuel 
nozzles in the main burner section. 

Main Fuel Pump 

The engine driven main fuel pump is a two 
stage unit. The first stage constats of a 
single centrifugal pump acting as a boost 
stage. The second stage consists of two 
parallel g'ear type pumps with discharge 
check valves. The parallel pump and check 
valve arrangement permits one pump to op- 
erate in the event the other fails. The pump 
discharge pressure is determined by the re- 
gulating and metering function of the main 
fuel control. The maximum discharge pres- 
sure Is approximately 900 psl. A relief 
valve Is provided In the second stage dis- 
charge to prevent excessive fuel system 
pressure. 

Moin Fuel Control 

The main fuel control meters main burner 
fuel (low, controls the bleed bypass and 
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start bleed valves and controls exhaust 
nozzle modulation. Thrust is regulated as 
a function of throttle position, compressor 
Inlet air temperature, main burner pressure 
and engine speed. The bypass and start 
bleed valve positions are controlled as a 
function of engine speed biased by CIT. For 
steady state inlet conditions at high Mach 
number, the control provides essentially a 
constant engine speed at all throttle posi- 
tions down to and Including IDLE. On the 
ground and at lower Mach numbers, engine 
speed varies with throttle position from 
slightly below MILITARY down to IDLE. 
Afterburner operation is always at MILI- 
TARY rated engine speed and EGT. The 
fuel control is provided with a pilot Op- 
erated trimmer for EGT regulation. There 
is no emergency fuel control system. 

Windmill Bypon and Dump Volvo 

The windmill bypass and dump valve directs 
fuel to the engine burners for normal oper- 
ation or bypasses fuel to the recirculation 
system for accessory, engine component 
and engine oil cooling during windmilling 
operation. The valve is actuated by sig- 
nals from the main fuel control. The valve 
also opens to dram the fuel manifold when 
the engine is shut down. 

Fuel Nozzlet 

The engine has eight can -annular type com- 
bustion chambers with forty-eight variable 
area dual orifice fuel nozzles In dusters of 
six nozzles per burner. The noazles have 
a fixed area primary metering orifice and 
a variable area secondary metering orifice, 
discharging through a common opening. The 
secondary orifice opens as a function of pri- 
mary orifice pressure drop. 



ENGINE FUEL DERICHMENT SYSTEM 

The dcrichment system provides protection 
against severe turbine over-temperature 
during high altitude operation. When EGT 
indicates 860 C or more with the system 
armed, the fuel:alr ratio in the engine 
burner cans is reduced, or deriched, below 
normal values. This is accomplished by a 
solenoid operated valve and orifice which 
bypasses metered engine fuel from the fuel 
oil cooler to the afterburner fuel pump Inlet. 
The solenoid valve is actuated by a signal 
from the EGT gage when 860°C Is reached. 
Once actuated, it remains open until the 
system Is turned off. Two warning lights 
are provided to Indicate when the valve is 
open. Power for the derlch circuits is pro- 
vided from the essential dc bus. 

Fuel Defichmenf Arming Switch 

A two position fuel dcrichment arming switch 
is located on the left side of the instrument 
panel. In the ARM (up) position the derich- 
ment circuits are armed and the respective 
derichment solenoid valve will open auto- 
matically and remain opsn if the EGT 
reaches 860°C. In the OFF position the 
derichment solenoid valve is closed and 
the system can not provide derichment flow. 
Power is furnished from the essential d. c. I 
bus. t 

Fuel Derichment Woming Light* 

The fuel derichment warning lights, located 
on the left and upper center of the instru- 
ment panel, illuminate and remain on while 
the derichment solenoid valve is open. The 
lights will be extinguished when the arming 
switch is placed in the OFF position and 
will remain extinguished when the arming 
switch U reset to ARM if both ECTs arc 
below 860 C. 
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WARNING | 

. In the event of derichment the arm- 
ing switch must be placed in the 
OFF position prior to relighting 
the afterburner to prevent engine 
speed suppression and subsequent 
iniet unstart. If engine flameout Is 
experienced with inlet unstart the 
arming switch should also be placed 
to OFF prior to relighting the engine. 

. Derichment at sea level will cause 
a thrust loss of approximately 5% 
if in maximum afterburning or 7% 
if at Military. Approximately 45* 
loss in thrust and 600 rpm speed 
suppression will occur during cruise 
with maximum afterburning. 

AFTERBURNER FUEL SYSTEM 

Afterburner fuel system components include 
the centrifugal afterburner fuel pump, after- 
burner fuel control and spray bars. 

Afterburner Fuel Pump 

The afterburner fuel pump is a high speed, 
single stage centrifugal pump. The pump 
is driven by an air turbine which is op- 
erated by engine compressor discharge air. 
The compressor discharge air supply is re- 
gulated by a butterfly valve in response to 
the demand of the afterburner fuel control. 
The turbine is protected from over speed by 
an aero-dynamic speed limiting air dis- 
charge venturl. 

Afterburner Fuel Control 

The afterburner fuel control is a hydro- 
mechanical fuel control which schedules 
metered fuel flow as a function of throttle 
position, main burner pressure and com- 
pressor inlet temperature. Fuel flow is 



metered on a predetermined schedule to 
provide fuel into both zones of the after- 
burner spray bars simultaneously. The 
control incorporates a reset mechanism 
which Increases the afterburner fuel flow 
when the bypass valves open and decreases 
the fuel flow when the valves close. 



ENGINE FUEL HYDRAULIC SYSTEM 

Each engine is provided with a fuel hy- 
draulic system for actuation of the after- 
burner exhaust nozzle and the start and by- 
pass bleed valves. Engine hydraulic sys- 
tem pressure is also required to dump the 
unused chemical ignition fluid. Pressure 
is supplied by a high temperature, engine 
driven, variable delivery, piston type 
pump. The pump maintains system pres- 
sures up to 2500 psi with a maximum flow 
of 50 gpm for transient requirements. 
Engine fuel Is supplied to the pump from 
the main fuel pump boost stage. Some high 
pressure fuel is diverted from the hydraulic 
system to cool the non-afterburning recir- 
culation line and the windmill bypass valve 
discharge line. This fuel Is returned to the 
aircraft system. Low pressure fuel from 
the hydraulic pump case is returned to the 
main fuel pump boost stage. Hydraulic 
system loop cooling is provided by the 
compensating fuel supplied from the main 
fuel pump. 



Exhoutt Nozzle Actuotlon 

The exhaust nozzle control and actuation 
system is composed of four actuators to 
move the exhaust nozzle, and an exhaust 
nozzle control modulating the hydraulic 
pressure to the actuators in response to 
engine speed signals from the main fuel 
control. The exhaust nozzle control is 
mounted on the ait portion of the engine. 
A pressure regulator is contained in a 
separate unit located near the exhaust 
nozzle control. 
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Start and Bypmi Bleed Volve Actuation 

The bypass bleed control and actuation 
system consists of four two-position ac- 
tuators to move the bleed valves, and a 
pilot valve to establish the pressure to the 
actuators. The pilot valve controls the 
bleed valve position In response to a me- 
chanical signal from the main fuel control. 
Bleed valve position is scheduled within the 
main fuel control as a function of engine 
•peed and compressor Inlet temperature. 
The starting bleed control and actuation sys- 
tem Is similar to the bypass bleed system 
except that three actuator* are used and the 
pilot valve controls starting bleed valve 
position in response to the main fuel pump 
boost stage pressure rise. 



EXHAUST NOZZLE AND EJECTOR SYSTEM 

The variable area, iris type, exhaust nozzle 
Is comprised of segments operated by a cam 
and roller mechanism and four hydraulic 
actuators. The actuators arc operated by 
fuel hydraulic system pressure. The ex- 
haust nozale Is enclosed by a fixed contour, 
convergent-divergent ejector nozzle to which 
free floating trailing edge flaps are attached. 
In flight, the Inlet cowl bleed supplies sec- 
ondary airflow between the engine and na- 
celle for cooling. During ground operation, 
suck in doors in the aft nacelle area provide 
cooling air. Free floating doors around the 
nacelle, just forward of the ejector, supply 
tertiary air to the ejector nozzle at subsonic 
Mach numbers. The tertiary doors and 
trailing edge flaps open and close with vary- 
ing internal nozzle pressure, which la a 
function of Mach number and engine thrust. 



proximate percentage of open position. Ad- 
ditional dot markings above and below the 
0 and 10 position marks are for calibration 
purposes. The Indicators are remotely op- 
erated by electrical transducers located 
near the exhaust nozzles. Each transducer 
is cooled by fuel and is operated by the 
afterburner nozzle feedback link. Power 
for the indicators is supplied by the No. 1 
inverter. 



OIL SUPPLY SYSTEM 

The engine and reduction gear box are lu- 
bricated by an engine contained, "hot tank", 
closed system. The oil is cooled by cir- 
culation through an engine fuel-oil cooler. 
The oil tank Is mounted on the lower right 
side of the engine compressor case and has 
a usable capacity of 4.5 gals. Total tank 
capacity is 6.7 gals. The oil Is gravity fed 
to the main oil pump which forces the oil 
through a filter and the fuel-oil cooler. 
The filter is equipped with a bypass incase 
of clogging. From the fuel-oil cooler the 
oil Is distributed to the engine bearings and 
gears. Oil screens are installed at the lu- 
bricating jets for additional protection. 
Scavenge pumps return the oil to the tank 
where it is dcaerated. The main oil pump 
normally maintains an oil pressure of 40 
to 55 psl. A pressure regulating valve keeps 
flow and pressure relatively constant at all 
flight conditions. Because of the high vis- 
cosity of the oil, it is diluted with trichloro- 
ethlene at lower temperatures and special 
cold weather shut down procedures may be 
required. 



Moln Fuel-OH Cooler 



Exhouit Nozzle Position Indlcotor 

Each engine Is provided with a nozzle posi- 
tion indicator located on the right side of 
the instrument panel. The indicators are 
marked from 0 to 10 and Indicate the ap- 



This unit provides oil cooling by using 
engine fuel to absorb the heat. The oil 
temperature is controlled by fuel flow 
through the cooler. A bypass valve Is In- 
corporated to bypass fuel around the cooler 
when the fuel flow Is greater than the cooler 
flow capacity of approximately 12,000 
pounds per hour. 
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CHEMICAL IGNITION SYSTEM 
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Oil Quontity Low Lights 

An indicator light for each engines oil «ys- 
tem is located on the lower instrument an- 
nunciator panel. The lights are labeled L 
and H OIL QTY LOW and Illuminate when 
the respective engine oil quantity is reduced 
to 2.25 gals. Power is furnished by the es- 
sential dc bus. 



Engine OH Temperature Light 

L and B OIL TEMP lights are installed or. 
the annunciator panel. These lights will 
Illuminate when respective engine oil inlet 
temperature is less than + 15.6^ + 3°C or 
greater than 282°C + 1 1°C. 

Remote Gear Box Oil System 

The remote gear box contains an indepen- 
dent, wet sump lubricating system with its 
own oil supply and pressure pump. There 
is no scavenge pump. It is vented to the 
engine breather system through the remote 
gear box drive shaft. The oil is cooled by 
circulation through the remote gear box 
fuel-oil heat exchanger. 

CHEMICAL IGNITION SYSTEM 

Trlethylborane (TEB) is used for ignition of 
main burner and afterburner fuel. Special 
handling procedures are required because 
TEB above 0 F will burn spontaneously 
upon exposure to air above -4°F. The TEB 
is contained in a 600 cc (1-1/4 pint) storage 
tank pressurised with nitrogen. The nitro- 
gen provides inerting and operating pres- 
sure to supply a metered quantity of TEB to 
either the main burner or afterburner 
section. Operation is in response to a fuel 
pressure signal from the appropriate sys- 
tem. Actuation is automatic with throttle 
movement. A mechanical counter for each 
engine, located aft of the throttles, Indicate 
TEB shots remaining. A minimum of 16 



injections can be made with one full tank of 
TEB. The TEB tank is engine mounted ar.d 
is cooled by main burner fuel to maintain 
the TEB temperature within safe limits. If 
the TEB vapor pressure exceeds a safe 
level, a rupture disc is provided to dis- 
charge the vaporized TEB and tank nitrogen 
through the afterburner section. No pilot 
indication of TEB tank discharge is pro- 
vided. The engine is also equipped with 
catalytic igniters installed on the afterburner 
flameholdere to provide Improved after- 
burner Ignition system reliability and re- 
light capability. Turbine exhaust temper- 
ature must be above approximately 730 C 
to obtain a satisfactory afterburner "light" 
by the catalytic igniters. 



Igniter Purge Switch 

A lift-lock toggle switch labeled IGNITER 
PURGE Is Installed on the upper right side 
of the Instrument panel. When the switch 
is pulled out and held in the up position a 
solenoid operated valve supplies fuel hy- 
draulic system pressure to the chemical 
Ignition system dump valve. This allows 
the remaining TEB to be dumped into the 
afterburner section; while the engine is 
running. .Approximately 40 seconds is re- 
quired. Electrical power is furnished by 
the essential dc bus. 



NOT! 

Both electrical power and engine 
fuel hydraulic pressure are 
necessary to purge the TEB sys- 
tem. If the engine is not rotating 
the system will not normally dump. 

GEO 

Do not actuate the Igniter Purge 
switch unless the engine is ro- 
tating in the 5000-6000 rpm 
range to prevent damage to the 
afterburner flame holders. 
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STARTER SYSTEM 

A starter cart is provided for ground starts. 
This may be either a self-contained ga* 
engine cart or multiple air turbine cart. 
The output drive gear of cither cart connects 
to a starter gear on the main gear box at the 
bottom of the engine. There are no aircraft 
controls for this system. It is turned on and 
off by the ground crew tn response to signals 
from the pilot. Air starts are made by 
wlndmilling the sngine. 

THROTTLES 

Two throttle levers, one for each engine, 
are located in a quadrant on the left forward 
console. The right throttle is mechanically 
linked to the right engine main fuel control 
and the loft throttle to the left engine after- 
burner fuel control with parallelogram type 
linkages designed to compensate for heat 
expansion. The afterburner and main fuel 
controls are interconnected by a closed 
loop cable. The throttle quadrant Is labeled 
OFF, IDLE and AFTERBURNER. When the 
throttles are moved forward from OFF to 
IDLE, they drop over a hidden ledge to the 
IDLE position. This ledge prevents inad- 
vertent engine cutoff when the throttles are 
retarded to IDLE. When retarding the 
throttles from IDLE to OFF they must be 
lifted in order to clear the IDLE stop ledge. 
Forward throttle movement from IDLE to 
a MILITARY stop controls the non-after- 
burntng thrust range of the engine. The 
throttles must be slightly raised to clear 
the stop before additional fo rward move- 
ment of the throttle can actuate the after- 
burner ignition. The AFTERBURNER 
range extends from the Military atop to the 
quadrant forward stop. The right throttle 
knob incorporates a radio transmission push- 
button switch. Throttle quadrants are 
marked to indicate 82° power lever angle 
(PLA) for assistance in determining the 
cruise power position. 
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Throttle Friction Lever 



The throttles are prevented from creeping 
by a friction lever located on the inboard 
side of the throttle quadrant. When the 
lever is full aft, the throttles are free to 
move. Moving the lever forward as the 
INCREASE FRICTION label indicates, pro- 
gressively increases the amount of friction 
to hold the throttles in the desired position. 

TEB Remolning Counters 

A mechanical TEB remaining counter for 
each engine is located aft of each throttle. 
The counters are spring wound and set to 
12 prior to engine start. Each time a 
throttle is moved forward from OFF to IDLE 
or MILITARY to A/B the counter will reduce 
one number. 



Exhoust Gat Temperature Trim Swltche t 

Individual exhaust gas temperature trim 
switches for each engine are located on the 
lower left side of the instrument panel. The 
switches are spring loaded, momentary 
contact, three position switches with a 
center OFF position. When held in the IN- 
CREASE (up) position, a remote trim elec- 
tric motor on the engine fuel control is ac- 
tuated to slightly increase main burner fuel 
flow and turbine inlet tempsrature. The 
trim motors have a fuel flow or EGT travel 
rangje of about 1 50 C and a rate of change 
of 8 C pir second. When held in the DE- 
CREASE (down) position, the trim motor 
reduces the fuel flow and decreases tur- 
bine inlet temperature. An increase or 
decrease in turbine inlet temperature will 
be reflected on the respective exhaust gas 
temperature gage. These switches are the 
only provision for main engine control when 
the throttles are in the afterb irning range. 
They have no effect on rpm when the nozzle 
is modulating to provide the scheduled en- 
gine speed. Hower for the trim motors is 
furnished by the respective at generator 
bus. 
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ENGINE INSTRUMENTS 

Exhoust Gas Temperature Gogcs 

Two exhaust gas temperature gages, one for 
each engine, are mounted on the right Bide 
of the instrument panel. The^ are calibrated 
in degrees centigrade from 0 C to 1200 C 
and indicate the temperature sensed by tur- 
bine discharge thermocouples. The four 
digit windows at the top of the gages Indicate 
the exhaust gas temperature to the nearest 
degree. An OFF window at the bottom of 
each dial when visible indicates instrument 
power failure. A small red light on the dial 
will light when EGT reaches 860°C. This 
will activate the respective derichment sys- 
tem if armed. The indicating system re- 
ceives power from the No. 1 inverter. 



Fuel Flow Indicorors 

A fuel flow indicator for each engine is 
mounted on the instrument panel and dis- 
plays total fuel now (engine and afterburner) 
in pounds per hour. The dial is calibrated 
in 2000 pound per hour Increments to 76,000 
pph. The five digit center window indicates 
the fuel flow to the nearest 100 pph. Tho 
indicator is not compensated for return flow 
and indicates total fuel flow to engine, after- 
burner and heat sink system. A positive in- 
dication is normal during windmill operation 
and the indicator will read high when the 
mixer and temperature control valve is di- 
verting cooling loop fuel back to tank 4. 
During descent after high speed cruise both 
high and low fuel flows and flow oscillations 
may be indicated. Power for the indicators 
is supplied by the No. 1 inverter. 

Tochometerc 

A tachometer for each engine is mounted on 
the right side of the instrument panel. The 
tachometers indicate engine speed in revolu- 
tions per minute. The main pointer Is cali- 



brated up to 10,000 rpm and the subpointer 
makes one complete revolution for each 
1000 rpm. The tachometers are self- 
energized and operate independently of the 
aircraft electrical system. 

Ertgirve OH Pressure Gaget 

An oil pressure gage is provided for each 
engine on the right side of the instrument 
panel. The gages Indicate output pressure 
of the respective engine oil pump in pounds 
per square inch. The gages are calibrated 
from 0 to 100 psl In increments of 5 psi. 
Power for the gages is furnished by the 
No. 1 inverter bus through the 26-volt auto- 
transformer. 



Compressor Inlet Temperorure Goge 

A dual indicating compressor Inlet tem- 
perature gage is mounted on the upper 
right side of the instrument panel. It is 
calibrated in 50 Increments from 0 C to 
300 C and 10 increments from 300°C to 
500 C. The needles indicate the air tem- 
perature forward of the first compressor 
stage of each nacelle. The system uses 
platinum resistance sensors and power is 
furnished by the No.' 1 inverter. 

Compressor Inlet Air Sloric Pressure Gone 

A dual Indicating compressor inlet air static 
pressure gage located on the upper center 
of tho Instrument panel, measures absolute 
pressure at the engine compressor inlet. 
The gage is calibrated in one psi Increments 
and has marked red ranges from 0 to 4 psi 
and 27 to 30 psi and a green radial mark at 
7 psi. A white striped third pointer on the 
CIP gage indicates pressure to be expected 
when the inlets are operating normally if 
over Mach 1.8 and 250 KEAS. The L and K 
labeled pointers indicate actual inlet 6tatic 
pressures. Power is furnished from the 
No. 1 inverter. 
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AIR INLET SYSTEM 

The air inlets for each nacelle arc canted 
Inboard and down to align with the local air- 
flow pattern. The inlet «yitem consists of 
the cowl structure, a moving spike to help 
provide optimum internal airflow charac- 
teristics, a spike porous centerbody bleed 
and an Internal cowl shock trap bleed for 
internal shock wave position and boundary 
layer flow control, forward and ait bypass 
doors for control of airflow In the inlet and 
to the engine, cowl exhaust louvers, sys- 
tem controls, sensors, actuators and In- 
strumentation, Suck-In doors are also pro- 
vided in the aft nacelle area for ground 
cooling. Nacelle cooling air i* provided in 
flight by air from the cowl shock trap bleed 
and aft bypass. Normally, the spike and 
forward bypass are operated automatically 
by the air inlet control system. Inlet air- 
flow is controlled so that the proper amount 
of air is supplied to the engine and, at super- 
sonic airspeeds, the positions of shock waves 
ahead of the inlet and in the inlet throat are 
controlled so as to provide maximum prac- 
tical ram pressure recovery at the engine 
face. Controls are provided in the cockpit 
for incremental control of the ait bypass for 
those conditions where additional bypass 
area is required or where a reduction in 
forward bypass flow Is desired. Manual 
controls are provided to override the auto- 
matic spike and forward bypass control sys- 
tems. 



INLET SPIKE 

The spike is locked in the forward position 
for ground operation and flight below 30,000 
feet. It is unlocked above this altitude and 
is programmed during automatic operation 
to move 1/4 Inch off the forward stop at 
Mach 1.4. Above Mach 1.6, the spike re- 
tracts so as to increase the nacelle inlet 
area and decrease the area of the throat or 
narrowest portion of the duct. Spike posi- 
tion is scheduled primarily as a function of 



Mach number as sensed by the Rosemount 
boom pitot static ports with biasing for 
angle of attack and yaw angle. The spike 
moves aft approximately 26 inches during 
transition between Mach 1.6 and 3.2. The 
inlet control also includes a shock expulsion 
sensor (SES) and restart feature which can 
operate automatically when speeds for inlet 
scheduling are reached. It is effective 
above approximately Mach 2.0. If an inlet 
becomes unstable and expels the internal 
shock, the shock expulsion sensor for that 
inlet overrides the automatic spike and for- 
ward bypass schedule. It causes the for- 
ward bypass to open fully and the spike to 
move forward as much as 15 Inches. Spike 
retraction is started automatically 3.75 
seconds after the expulsion is sensed and, 
when schedule position is reached, the for- 
ward bypass is returned to automatic op- 
eration. The SES reference pressure is 
CIP, and the system is triggered when a 
momentary decrease of CIP is 23% or more. 
This is a characteristic CIP indication of 
inlet unstart occurrence. However, it may 
also operate as a result of pressure fluc- 
tuations if CIP decreases rapidly below the 
previous normal condition during compres- 
sor stalls. The SES feature does not over- 
ride a manually operated spike or forward 
bypass control. Manual operation of a re- 
start switch overrides the SES operation 
for that inlet. Spike and forward bypass 
door position changes may be observed 
during SES operation on the spike and for- 
ward bypass position Indicators. Local 
pitch attitude and yaw angle are sensed by 
a pressure probe mounted on the Rosemount 
pitot boom. The spike porous centerbody 
bleeds boundary layer air from the inlet 
throat to prevent flow separation. This air 
is ducted overboard through the supporting 
struts and nacelle louvers. The spikes can 
be fully Controlled by use of cockpit controls 
when hydraulic pressure is available. 
Emergency spike forward 
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switches provide pneumatic pressure to move 
and lock the spikes forward in the event of 
hydraulic system failure. 



INLET FORWARD BYPASS 

The forward bypass provides an exhaust for 
Inlet air which la not required by the engine, 
and controls the inlet dlffuser pressure so 
as to properly position the inlet shock. It 
consists of a rotating basket which opens 
duct exhaust ports located a short distance 
aft of the inlet throat. When the landing 
gear is down, the forward bypass doors are 
held open by an electrical override signal 
from a landing gear door switch. The switch 
is positioned to allow manual or automatic 
control of the bypass when the landing gear 
retracts. In automatic operation, the for- 
ward bypass remains closed until a low 
supersonic speed is reached, then It mod- 
ulates in accordance with air inlet control 
system Mach and pressure schedules. The 
Inlet usually "starts" at Mach 1.4, that is, 
the inlet shock is positioned near the cowl 
shock trap bleed In the inlet throat area. As 
speed is increased, the forward bypass 
schedules as required to maintain the inlet 
shock at the throat position. 

The forward bypass position is controlled 
by the ratio of inlet duct static pressure to 
a reference total pressure. The Inlet duct 
static pressure is sensed by taps located 
aft of the shock trap bleed. 



Tho reference total pressure Is sensed by 
two external probes one located on the 
Lower Inboard side of the nacelle and the 
other at Che top of the nacelle. The forward 
bypass control also senses an unstart a* a 
result of the sudden decrease in pressure 
at the engine face and controls the inlet 
through a timed sequence. The minimum 
Mach number at which the automatic re- 
start actuates varies with the intensity of 
the unstart but is generally in the vicinity 
of Mach 2.0. An overriding switch holds 
the forward bypass closed at speeds lower 
than Mach 1.4, 



I NLET AFT BYPASS 

The aft bypass consists of a ring of adjust- 
able peripheral openings allowing a maxi- 
mum mass flow of approximately 3/4 of 
that available from the forward bypass. The 
ring is located just forward of the engine 
face. Those openings allow excess inlet 
air to be bypassed around the engine. The 
bypassed air joins cowl shock trap bleed 
air and passes between the outside of the 
engine and afterburner and the inside of the 
nacelle. This flow augments the exhaust 
gas in the ejector area. Each aft bypass 
ring is positioned by a hydraulic actuator 
which is powered by the respective L or B 
hydraulic system and is controlled by the 
cockpit switch. The bypass is held closed 
during takeoff and landing by an electrical 
signal from the nose gear downlock. It is 
also closed during subsonic operation. 
Position in flight is set manually in accor- 
dance with determined Mach number and 
engine operating requirements. 
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Figure 1-10 (Sheet 1 ol 2) 
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AIR INLET CONTROL SYSTEM 

The air Inlet control «y«tem incorporate* a 
computer which utilises electrically trans- 
mitted pneumatic pressure signals to auto- 
matically schedule and reposition the spikes 
and forward bypass. The computer also 
serves as a calibrated path for the manual 
spike and manual forward bypass control. 
Major components for each inlet control are 
the computer, pressure transducer, angle 
transducer and two pressure ratio trans- 
ducers. The spike and forward bypass con- 
trols consist of four rheostat type knobs 
and two inlet restart switches and an emer- 
gency spike switch. Aft bypass control is 
by means of two rotary type switches lo- 
cated above the throttle. Three annunciator 
panel lights are pertinent to the inlet control 
system. 

Nine different pressures are sensed for in- 
let control. The Rosemount airspeed boom 
provides pltot total and static pressures to 
the pltot pressure transducer. The pitch and 
yaw attitude probe on the left side of the 
boom provides angle of attack and yaw angle 
pressures for conversion to electrical sig- 
nals by the attitude transducer. At each 
nacelle local pltot pressure and two inlet 
duct static pressures are sensed to enable 
two sensors within the pressure ratio trans- 
ducer to convert pressure ratios to elec- 
trical signals which (1) direct forward by- 
pass control, and (2) cause an automatic re- 
start following shock expulsion. Some con- 
trol functions are also accomplished within 
the pressure transducer. Most of the elec- 
trical outputs of the pltot pressure trans- 
ducer, attitude transducer, and both pres- 
sure ratio transducers are transmitted to 
the computer. The computer also receives 
a signal from the main landing gear doors 
to assure that the forward bypass will be 
open whenever the main gear Is down. 



Spike Control* 

The L and R spike controls are located on 
the lower left side of the Instrument panel. 
The controls are labeled AUTO, FWD, and 
have labeled marks for 1.4, 1.8, 2.2, 2.6. 
3.0 and 3.2 Mach numbers. Intermediate 
marks for 0.1 Mach increments allow the 
knobs to be positioned manually at any set- 
ting from 1.4 to 3.2 Mach number. In the 
detented AUTO position, spike position is 
scheduled automatically by the Inlet control 
system. In the detented FWD position, ths 
spike will move to the full forward position. 
The Mach numbered positions are used in 
manual operation. Use of settings corre- 
sponding to aircraft flight Mach number 
moves the spike aft to tho correct position 
for proper Inlet performance. The spike 
control also biases the forward bypass as a 
function of control knob position when the 
bypass is being manually controUed. The 
forward bypass position Indicator and by- 
pass control knob will not be in agreement 
by the amount of bias. Control power for 
the left spike is from the No. 2 inverter 
and for the right spike the No. 3 inverter. 

Forward Bypass Controls 

The Li &'R BYPASS controls are located 
just inboard of the spike controls. When a 
control Is turned full counterclockwise to 
the detented AUTO position, operation of 
the respective forward bypass Is automat- 
ically controUed by the inlet computer. As 
the control Is turned clockwise the first de- 
tented position will position the forward by- 
pass to the full open. As the control is 
turned further clockwise the forward bypass 
will Incrementally move towards the closed 
position and will be fully closed in the full 
clockwise position. Markings from 0 to 100 
In Increments of 10 percent allow the con- 
trol to be positioned at any percentage of 
full open. Power for the circuits la from 
the essential dc bus and No. 2 and No. 3 
Inverters. 
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Figure 1-1 I 
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CAUTION 



Manual operation of the forward 
bypass la permissible with the 
spike operating on its automatic 
schedule; however, when the 
spike is operated manually, the 
forward bypass must be operated 
manually or the bypass will open 
fully and will not schedule. 

Inlet Reitort Switch*! 

Two 3 -position toggle twitches are located 
on the left side of the Instrument panel. The 
Li R switches are labeled RESTART (up), 
FWD DOOR OPEN (center) and OFF (down). 
In the RESTART position the spike and by- 
pass control settings are overridden, the 
forward bypass is opened and the spike is 
moved forward. In the center FWD DOOR 
OPEN position the forward door is moved 
to/or held open but the spike position re- 
sponds to its control knob. In the OFF posi- 
tion both the spike and forward bypass are 
controlled by their respective controls. 
Power for the restart circuit Is supplied by 
the essential dc bus. 

Emergency Spike Switch 

A Blngle 3-posltlon guarded switch, labeled 
EMER SPIKE, is provided below the instru- 
ment panel. The switch is guarded In the 
center OFF position. After the guard ts 
opened the switch may be positioned in 
either L or B positions as necessary. In the 
event of L or R hydraulic failure, the one 
shot emergency pneumatic bottle in the re- 
spective nacelle is activated to drive and 
lock the spike in the full forward position. 
Power for the emergency spike circuit is 
from the essential dc bus. 



Inlet Aft Byptm Switches ond Indlcotor Lights 

The inlet aft bypass switches and indicator 
lights are located above the throttle quad- 
rant. They are four-position rotary type 
switches equipped with concentric lever 
handles. The switch positions from top to 
bottom are labeled CLOSED, A (15% open), 
B (50% open), OPEN (100%). Left and right 
amber lights, located near the switch levers 
illuminate to indicate when an ait bypass 
position and the switch setting do not cor- 
respond. A light should Illuminate each 
time its switch la moved, then extinguish 
as the bypass reaches the required position, 
Approximately 5 seconds Is required for the 
aft bypass to move from full closed to full 
open. The aft bypass actuator control cir- 
cuits are powered by the essential dc bus. 

Spike Position Indicotor 

A dual spike position indicator is located 
on the lower right side of the instrument 
panel. The L U R labeled pointers indicate 
the position of, the respective spike in Inches 
aft of the forward position. It Is calibrated 
In Inches from 0 to 26 with 5, 10, 15, 20, 
and 25 inch labeling. Power is furnished 
from the. No. 2 inverter for the left spike 
and the No. 3 Inverter for the right spike. 



Forward Bypass Position Indicotor 

A dual forward bypass position indicator is 
located on the lower right side of the instru- 
ment panel. The L & R labeled pointers 
indicate the opening of the respective for- 
ward bypass in 10% increments. Labeled 
positions are 20, 40, 60, 80 and 100 OPEN. 
Power is furnished from the No. 2 inverter 
for the left bypass and the No. 3 inverter 
for the right bypass. 
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FUEL QUANTITY DATA 




FUEL TANK CAPACITIES 





hj.:l 


1 l.Mtqal. 




l.tKM. 


10.3801b. 


l.M5j». 


10,220 lb. 


4 MM gal. 


u,nc ib. 


5 mi. 




6 1,976 $jl. 




i '• l lO.MOjal. 




•AlwcrsgtMr answer ».« t..'9»*. 



Light 



Figure 1-12 

FUEL SUPPLY SYSTEM 



The annunciator panel MANUAL INLET light, 
when illuminated, indicates that one or more 
of the four rotary spike and forward bypass 
controls i* not in the AUTO position or that 
an inlet restart switch is not in the OFF 
position. Power for the light is furnished 
by the essential dc bus. 



There are six individual fuel tanks, 
tlfied from forward to aft as tanks I, Z, 3, 
4, 5, and 6. Interconnecting plumbing and 
electrically driven boost pumps are utilised 
for fuel feed, transfer, and dumping. Other 
components of the system include pump con- 
trols, nitrogen inerting, scavenging, pres- 
surlzation and venting, a single-point re- 
fueling receptacle, and a fuel quantity Indi- 
cating system. In addition to furnishing 
fuel to the engines, automatic fuel manage- 
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ment provides center of gravity and trim 
drag control. The fuel Is also used to cool 
cockpit air, engine oil, accessory drive sys- 
tem oil, and hydraulic fluid by means of the 
fuel heat sink system. 

FUEL TANKS 

The integral, internally sealed, fuel tanks 
are contained in the fuselage and wing root. 
The tanks are interconnected by right and 
left fuel manifolds and a single vent line. 
Submerged boost pumps supply fuel through 
the manifolds and transfer fuel for c. g. con- 
trol. Forward transfer is accomplished by- 
manual control of the right manifold. Aft 
transfer is accomplished automatically 
through the left manifold. A fuel dump valve 
Is Installed In each fuel manifold. Normal 
sequence of tank usage Is controlled by float 
switches to automatically maintain an op- 
timum e.g. for cruise. The left engine is 
normally sequenced from tanks 1, 2, 3, and 
4, the right engine is sequenced from tanks 
1, 6, 5, and 4. Normal automatic tank se- 
quencing is as follows: 



flight refueling. Ground refueling is ac- 
complished by use of an ln-flight refueling 
probe specially modified to utilize a hand 
operated locking device so that refueling 
may be done without hydraulic power. Fuel 
from the receptacle flows through the fuel- 
ing manifold to each tank. The u«c of a 
different size orifice for each tank allows 
all tanks to be filled simultaneously in ap- 
proximately 15 minutes with a nozzle pres- 
sure of 50 psi. Dual shutoff valves In each 
tank terminate refueling flow when the tank 
is full. A defuellng fitting is Installed on 
the right fuel feed manifold In the lower 
right side of tank 3. Tanks 2 and 3. which 
feed the left manifold, are defueled by open- 
ing the crossfeed valve. 




Any fuel in tanks 5 and 6 must 
be balanced with a like amount 
of fuel in the other tanks during 
ground fueling or defuellng to 
prevent the aircraft from rock- 
ing down on the tail. 



Tank 1 
Tank 2 
Tank 3 
Tank 3 
Tank 4 
Tank 4 



and 2 



Tanks 1 
Tank 6 
Tank 6 
Tank 5 
Tank 5 
Tank 4 



and 6 



The fuel manifolds can be connected by de- 
pressing the crossfeed switch. This operatet 
a motor operated valve between the fuel 
manifolds and Is mainly used during single 
engine operation. 

REFUELING AND DEFUELING 

A single point refueling receptacle installed 
on top of the fuselage aft of the air condi- 
tioning bay is used for both ground and In- 



FUEL TANK CAPACITIES 
See figure 1-12. 

FUEL BOOST PUMPS 

Sixteen single stage centrifugal ac powered 
boost pumps are used to supply the fuel 
manifolds. Tanks 1 and 4, which normally 
feed both engines, are equipped with four 
pumps and tanks 2, 3, 5 and 6 have two 
pumps each. Either pump of a pair is cap- 
able of supplying fuel to its manifold at a 
rate sufficient for normal engine operation 
in the event of a failure of the other pump. 
The pumps in each tank may be operated 
out of the normal sequence by use of the in- 
dividual tank boost pump control switches 
located on the right side of the instrument 
These switches 
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matic tank, sequencing if a tank falls to feed 
in the proper sequence. It is necessary to 
actuate the pump release switch to termi- 
nate the manually actuated pumps when the 
tank is empty. Normally, each pump (ex- 
cept pumps 1-1 and 1-2 which are protected 
by a common float switch) is protected by a 
float switch that deactivates the pump when 
the tank is empty. One of the float switches 
in each tank illuminates the yellow tank 
empty light contained in the respective 
boost pump tank switch. For example, the 
float switch for the number 4 pump in tank 
4 is used to Indicate that tank 4 is empty 
and pump 4-4 is off. (The tank 4 light In- 
dicates green when pumps 4-3 and/or 4-4 
arc on. When pump 4-4 is on and In auto- 
matic sequencing, the green light may not 
Indicate the status of other tank 4 pumps 
whose operation is affected by automatic 
features of the ullage and refueling systems.) 
The boost pumps that feed the left hand 
manifold are normally powered from the 
loft generator bus and the pumps that feed 
the right hand manifold are normally 
powered from the right generator bus. In- 
dividual circuit breakers for each pump are 
located in the compartment behind the cock- 
pit and are not accessible in flight. 

Emergency Fuel ShutoW Swltchet 

A guarded fuel shutoff switch for each 
engine is installed on the lower right side 
of the instrument panel. Each switch is 
guarded in the down (fuel on) position. Fuel 
la shut off in the OFF (up) position. Move- 
ment of a switch causes a motor operated 
valve in the respective engine feed line to 
operate. Motor power is supplied from the 
corresponding ac generator bus. 

Fuel Boott Pump Switches ar»d Indicotor Lights 

Six pushbutton type fuel boost pump switches 
with green and yellow indicator lights are 
installed In a vertical row on the right 
side of the Instrument panel. These switches 
are provided for manual control of the fuel 
boost pumps. 



MOTS 

Manual operation supplements, 
but does not terminate the normal 
automatic fuel tank sequencing. 

The switches have an electrical hold and 
bail arrangement that allows manual se- 
lection of only one tank of tank group 1, 2, 
3 and one tank of tank group 4, 5, 6 at the 
same time. This feature is intended to 
prevent more than eight boost pumps from 
operating simultaneously. 

MOTE 

It is possible to operate more 
than eight boost pumps at once by 
a combination of automatic se- 
quencing and manual actuation; 
however, this condition will not 
overload the electrical system 
except when operating on a single 
generator. 

When a set of boost pumps is actuated, 
either automatically or manually, a green 
light will Ulumlnate in the pushbutton. Whei 
a tank Is empty, a yellow EMPTY light in 
the pushbutton illuminates. When depressec 
the boost pump switch will hold down elec- 
trically until released by the pump release 
switch. Power for the boost pump switch 
circuit and lights is furnished by the es- 
sential dc bus. 



P-jrip Release Switch 

A momentary pump release switch is in- 
stalled on the instrument panel below the 
fuel boost pump switches. The switch has 
two positions, PUMP HEL (up) and NORM 
(down). When placed in the momentary 
PUMP REL position, any boost pump 
switch that has been depressed during 
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manual boost pump selection will be released 
and automatic sequencing of the fuel tanks Is 
continued. Power for the circuit is furnished 
by the essential dc bus. 



CAUTION 



A manually selected boost pump 
should be released when a tank 
indicates empty so that the pumps 
in that tank will be shutoff ; other - 
wise, damage to the pump may 
occur. 

Crc«f««d Switch 

A pushbutton type crossfeed switch is lo- 
cated above the boost pump switches on the 
instrument panel. When depressed, It il- 
luminates a green light in the switch, opens 
a motor operated valve between the left and 
right fuel manifolds, allowing operating 
boost pumps to pressurize both fuel mani- 
folds. The switch must be depressed a sec- 
ond time to terminate croasfeeding. Power 
for the circuit is furnished by the essential 
dc bus. 

Fuel Transfer Switch 

A guarded three-position fuel transfer 
switch is located on the right side of the In- 
strument panel. The switch is guarded In 
the OFF position. When the guard is raised 
and the switch is moved to the FWD TRANS 
position, the pumps in tank 1 are inactivated, 
a valve at Die forward end of the right fuel 
manifold opens into tank 1 if fuel manifold 
pressure is above approximately 8 psl and 
fuel will transfer forward through the right 
side fuel manifold as long as automatic or 
manual pump sequencing continues. Trans- 
fer will be automatically terminated by 
closing of the forward transfer valve when 
the tank I fuel level reaches 4000 pounds. 
Tank 1 boost pumps will remain Inactivated 
until either tank 4 has approximately 
800 lbs remaining or the transfer switch is 
moved to the OFF (down) position. Tank 1 
pumps will also start when the tank 1 pump 
switch is pressed. The forward transfer 
valve is not closed by manual selection of 
tank 1 but right side boost pump pressure 



makes forward transfer ineffective. The 
lift -lock forward transfer switch may also 
be pulled out and placed in the NO. 4 
TRANS position. In this position, tank 1 
pumps arr inactivated, the right side pumps 
in tank 4 are turned on, and tank 5 is turned 
off if operative. The transfer la only from 
tank 4, which prevents the accumulation of 
hot fuel in tank 4 and puts the warmer fuel 
into tank 1 where It will be used Immediately 
after an air refueling. 

NOTE 

Forward transfer should be dis- 
continued before refueling is 
started to restore normal tank 
sequencing. 

Transfer is automatically terminated when 
the tank 1 4000 pound float switch operates, 
and the tank 1 pumps remain off until either 
tank 4 has 800 pounds remaining or the 
transfer switch is moved to the OFF posi- 
tion. Power for the transfer control cir- 
cuits is furnished by the essential dc bus. 

Those aircraft incorporating S/B 1141 are 
modified to replace the Tank 4 Forward 
Transfer position with an EMER forward 
transfer position on these aircraft. When 
the lift-loc switch is pulled out and replaced 
in the EMER position, tank I pumps are in- 
activated and the dual 4000 lb stop transfer 
float switches in tank 1 are replaced by dual 
7400* float switches. This allows forward 
transfer to continue until tank 1 is full. 

WARNING I 

The EME^pSSiUoi^sTo be used 
only in case of an aft e.g. emergency. 

; lj<-! DuTip Wirch 

A guarded 3-po»ition lift -lock fuel dump 
switch is located on the right side of the in- 
strument panel. The switch is guarded in 
the OFF (down) position. In the DUMP 
(center) position dual type solenoid dump 
valves in each manifold are opened and the 
pumps in tank 1 are inactivated unless se- 
lected manually. If fuel pressure is above 
10 psi, all other tanks dump in normal 
usage sequence until tank 4 is down to a 
8000 pound remaining level. Dumping nor- 
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mally stops at thin point and, If fuel l« In 
tank 1, the tank 1 pump* will start unless 
the forward transfer switch la In either the 
FWD TRANS or NO. 4 TRANS position. The 
switch knob must be pulled out to put the 
switch through the DUMP position either to 
the EMER or OFF position. In the EMER 
position, the 8000 pound stop dump switch in 
tank 4 is bypassed and fuel dumping will 
continue from all tanks except tank 1. If 
tank 4 is to be completely dumped, tank 1 
should be pressed on before tank 4 empties 
In order to avoid fuel pressure fluctuation 
as tank 4 empties. Power for the circuit is 
furnished by the essential dc bus. 




Emergency fuel dumping must be 
terminated by placing the dump 
■witch to DUMP or OFF. All fuel 
can be dumped with EMER dump 
on and tank 1 selected manually. 

Fuel Quontity Selector Switch ond Quantity 
Indicotor 



Fuel Quontity Low HgSt 

A FUEL QTY LOW light on the annunciator 
panel will illuminate when total fuel re- 
maining in tank 4 Is 5000 pounds or less. 
Power for the light Is furnished by the es- 
sential dc bus. 



Fuel Preiturs Low Warnlr>g Lights 

Fuel pressure warning lights, labeled L 
and R FUEL PRESS LOW are located on 
the annunciator panel. Illumination Indi- 
cates that engine fuel Inlet pressure has 
fallen below approximately 7 + 0.5 psl. The 
light Is extinguished by restoring fuel pres- 
sure above approximately 10 psl. Power is 
furnished by the essential dc bus. 



NOTE 

It is possible for a fuel pressure 
low warning light to illuminate 
when only two fuel pumps are 
feeding an engine during high fuel 
flows, especially with forward 
transfer and/or fuel dump selected. 



A fuel quantity Indicator and a rotary seven- 
position fuel quantity selector switch is in- 
stalled on the lower right side of the Instru- 
ment panel. Positions on the selector 
switch are marked for TOTAL, and each of 
the six tanks positions. The switch is ro- 
tated to the individual tank or TOTAL posi- 
tion to select the desired reading on the fuel 
quantity Indicator. The dial is calibrated in 
5000 pound Increments from zero to 70,000 
pounds. The indicator has a digital read- 
out window Indicating to the nearest 100 
pounds. Power for the circuit is furnished 
by the No. 1 inverter. 



Te.t N and-Tonlt Lights Switch 

A test N and tank lights switch is Installed 
below the boost pump switches on the in- 
strument panel. The switch has two posi- 
tions, up and down (spring loaded down) and 
Is used to test the operation of the liquid 
nitrogen Indicators, nitrogen system an- 
nunciator light, derichment light and fuel 
boost pump lights. When the switch is 
moved to the up position, the liquid nitrogen 
indications will move down- scale toward 
zero and the N QTY LOW annunciator light, 
fuel boost pump lights and derichment light 
will Illuminate. Power for the circuit is 
furnished by the essential dc bus. 
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FUEL PRESSURIZATION AND VENT SYSTEM 

The fuel preasurization system consists of 
two iw.tr flasks, located In the nosewheel 
well, and associated valves and plumbing to 
the fuel tanks and Indicator*. These flasks 
are equipped with automatic ac powered 
heaters and contain liquid nitrogen. The 
forward flask contains 75 liters and the aft 
flask contains 106 liters. They supply ni- 
trogen gas to the fuel tanks at 1.5 -t . 25 psi 
above ambient pressure. This lnerte the 
ullage space above the fuel and will produce 
some fuel flow to the engine-driven pump in 
case of boost pump faUure. The liquid ni- 
trogen from the bottom of the flasks 1b 
routed through submerged heat exchangers 
in tanks 1 and 4 to ensure that the nitrogen 
has become gaseous. The nitrogen gas is 
then ported to the common vent line and to 
the top of all tanks. 

The venting system consists of a common 
vent line through all tanks with two vent 
valves in each tank except the No. 1 tank 
which has only one vent valve and the open 
forward end of the vent line. The forward 
vent valve in tank* 2 through 6 is equipped 
with a relief valve to relieve tank pressure 
at 1.5 psi, and a float valve that closes the 
vent valve when the tank is full. The float 
shutoff is provided to keep fuel from enter- 
ing the vent line. The aft vent valve Is 
similar to the forward except it has no re- 
lief valve. The common vent line tees into 
two lines in tank 6 and both go through the 
rear bulkhead. In the tail cone area there 
is a relief valve in each line with the left 
valve set to relieve pressure at 3.25 + .25 
p«i above ambient pressure. In the event 
of failure of this valve, the right valve will 
relieve pressure at 3.85 to 4.15 psi. A 
suction relief line and valve connect* to the 
common vent line in tank 1 and terminate* 
in a bell mouth fitting in the aft end of the 
nosewheel well. 



Two valves are provided in the vent system 
to prevent fuel from surging forward In the 
vent line during aircraft deceleration. A 
check valve prevents fuel that is coming 
forward from tank 6 from going farthor 
than tank 5. A python valve located in tank 
3 prevents fuel coming from tank 4 from 
going any farther than tank 3. This float 
actuated valve dose* the vent when fuel is 
moving forward in the vent line and diverts 
it into tank 3. Acceleration presents no 
problem of fuel shift between tanks. 

Liquid Nitrogen Quantity Indicator 

A dual liquid nitrogen quantity indicator is 
installed on the right side of the instrument 
panel. The indicator displays the quantity 
of liquid nitrogen remaining in each of the 
two dewar flasks. The indicator is marked 
In 5 liter Increments from 0 to 110 liter*. 
Power for the Indicator I* furnished by the 
No. 1 inverter bu». 



N2 Qtwotlty Low Light 

An Indicator light labeled N QTY LOW is 
provided on the annunciator panel. The 
light will illuminate when either hand on the 
liquid nitrogen quantity gage reaches 1 liter 
remaining. Power for the light Is fur- 
nished by the essential dc bus. 



Fuel Tank Pressure Indicator 

A fuel tank pre**ure indicator 1* Installed 
on the right side of the Instrument panel. 
The gage Indicates the pressure existing In 
the No. 1 fuel tank, and Is marked from -2 
to +8 In Increments of 1/2 pound per square 
Inch. Power for the indicator is furnished 
by the 26-volt instrument transformer. 
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Tonk Pressure Low Light 

A TANK PRESSURE LOW warning light is 
located on the annunciator panel and will il- 
luminate when the tank pressure reduces to 
+.25 to +.10 pBi. Power for the light is fur- 
nished by the essential dc bus. 



FUEL HEAT SINK SYSTEM 

Fuel from the fuel manifolds is used as a 
cooling medium for the air conditioning sys- 
tems, the aircraft hydraulic fluid, and the 
engine and remote gear box oil. Circulated 
fuel from the engine fuel hydraulic system 
is also used to cool the TEB tank and the 
control lines which actuate the afterburner 
nozzle. Engine oil la cooled by main engine 
fuel flow through an oil cooler, located be- 
tween the main fuel control and the windmill 
bypass valve. This fuel Is then directed to 
the main burner section. The other cooling 
Is accomplished by fuel circulation through 
several cooling loops. Hot fuel returning 
from the remote gear box heat exchanger, 
the primary and secondary air conditioning 
heat exchangers, the hydraulic fluid heat ex- 
changer, the spike heat exchanger and the 
exhaust nozzle actuators is circulated 
through a mixing valve and temperature 
limiting valve (smart valve) and returned to 
the main engine and afterburner fuel mani- 
fold. If the mixed fuel temperature la be- 
low 265 F. all of the hot fuel will be burned 
by the operating engine and afterburner. If 
the temperature of the mixed cooling loop 
and incoming engine fuel exceeds 265 F, 
the smart valve starts to close and a por- 
tion of the cooling loop fuel ts prevented 
from mixing with the Incoming engine fuel. 
A pressure operated valve routes the hot 
fuel to tank 4. The smart valve la com- 
pletely closed at 295°F and all cooling loop 
fuel is returned to tank 4. If tank 4 Is full, 
the hot fuel will be diverted to the next tank 



that has space for It. During single engine 
operation with the inoperative engine 
throttle In OFF, actuation of the fuel cross- 
feed valve also allows the hot recirculated 
fuel from the windmilllng engine to cross- 
over and mix with the cooling loop and In- 
coming fuel for the operating engine. 

AIR REFUELING SYSTEM 

The aircraft If equipped with an air refuel- 
ing system capable of receiving fuel at a 
flow rate of approximately 5000 pounds per 
minute from a KC-135 boom type tanker 
aircraft. The system consists of a boom 
receptacle, doors. hydraulic valves, hy- 
draulic actuators, a signal amplifier and 
control switches and Indicator light. Hy- 
draulic power for the system Is normally 
supplied from the L hydraulic system. If 
the L hydraulic system is Inoperative the 
refuel system can operate from R hydraulic 
pressure by selecting alternate steering and 
brakes. Electrical power Is supplied by the 
essential dc bus. 



Air Refuel Switch 

An air refuel switch Is Installed on the 
right side of the Instrument panel. The 
switch has three positions; READY, OFF 
and MANUAL. When the switch is placed 
In the READY (up) position hydraulic ac- 
tuators open the refueling doors, the boom 
latches are armed, the receptacle lights il- 
luminate and the green READY light Illum- 
inates. The receptacle doors arc opened 
by spring action if hydraulic pressure is not 
available. In the MANUAL (down) position 
the latching dogs In the receptacle are 
closed. They may be opened by holding the 
disconnect (trigger) switch on the control 
stick until the boom is seated. When the 
disconnect switch Is released the Latches 
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will close and hold the boom. The latches 
will open to release the boom when the dis- 
connect switch la depressed. This position 
Is used in the event of a malfunctioning am- 
plifier. A 3 second time delay Is incorporated 
to prevent nozzle damage if the manual posi- 
tion is selected during refueling contact. 

Air Refuel Reset Switch ond Indicator Light! 

A square dual Indicator light and reset but- 
ton, labeled IFR PUSH TO RESET. Is lo- 
cated at the top left side of the Instrument 
panel. The top half is labeled READY and 
will Illuminate green when the air refuel 
switch is in the READY or MANUAL posi- 
tion, and the refueling receptacle Is open 
and ready to accept the refueling boom. The 
light will extinguish after the boom Is en- 
gaged. If the boom disconnects from the 
fueling receptacle the lower half of the 
switch will illuminate amber and show DISC. 
If the air refuel switch is In the READY 
position the light button la then pressed to 
react the system amplifier for another en- 
gagement. U the air refuel switch is in the 
MANUAL position the READY light will be 
Illuminated and manual engagement and dis- 
connect are controlled by the disconnect 
switch on the control stick. Power for the 
switch and light la supplied by the essential 
dc bus. 

Disconnect Switch 

A momentary contact trigger type switch Is 
Installed on the forward side of the control 
stick. Depressing the trigger switch will 
normally Initiate a disconnect. The dis- 
connect switch is also depressed to open the 
receptacle latches when the air refuel switch 
is in the MANUAL position. Releasing the 
disconnect switch will close the latches. 



Disconnect 

A disconnect may be accomplished In four 
ways: 

1. Automatically, if boom envelope limits 
are exceeded (except when using man- 
ual boom latching). 

2. Automatically, when manifold pressures 
reach 100 + 5 psi. 

3. Manually, by the boom operator. 

4. Manually, by actuating the disconnect 
switch on the control stick. 



Pilot Director Uflhft (Tanker) 

Pilot director lights are located on the bot- 
tom of the tanker fuselage between the nose 
gear and the main gear. They consist of 
two rows of lights; the left row for elevation 
and the right row for boom telescoping. The 
elevation lights consist of five colored 
panels with strip green, triangular green 
and triangular red colors and two illumi- 
nated letters, D and U, for down and up 
respectively. Background lights are lo- 
cated behind the panels. The colored panels 
are Illuminated by lights that are controlled 
by boom elevation during contact. The 
colored panels that Indicate boom tele- 
scoping are not Illuminated by background 
lights. An Illuminated white panel between 
each colored panel serves as a reference. 
The letters A for aft and S* for forward are 
visible at the ends of the boom telescoping 
panel. The Air Refueling Director Lights 
Profile (Figure 2-5) shows the panel illum- 
ination at various boom nozsle positions 
within the boom envelope. There are no 
lights to Indicate azimuth; however, a 
yellow line Is visible on the tanker to In- 
dicate the centered position. When contact 
is made, the panels automatically reflect 
the correction the pilot must make to main- 
tain position. 
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ELECTRICAL POWER SUPPLY SYSTEM 

Three phase 115/220 volt ax power la pro- 
vided by two engine driven generator* rated 
at 26 to 32 KVA depending on the installation. 
Each generator supplies a separate ac bus 
and a 200 ampere transformer rectifier. 
Output of the transformer rectifiers la 
paralleled and furnishes 28-volt ac power 
to an essential dc bus and a monitored dc 
bus and to a system of four 600VA in- 
verters. In the event of a single generator 
failure, a bus transfer and protection sys- 
tem connects the two generator buses. Two 
25-amp hour batteries are furnished to sup- 
ply emergency power to the essential dc bus 
in the event of complete power failure and a 
smaller battery provides emergency power 
to the INS and the No. 3 inverter. 



AC ELECTRICAL POWER SUPPLY 

Each engine drives an ac generator through 
its remote gear box to supply 115/200 volt 
3-phase power. There are no constant 
speed drive units, so the ac frequency 
varies directly with engine rpm; however, 
the frequency is essentially constant at 
scheduled engine speed during climb and 
cruise. When the output of either generator 
drops below 200 + 5 cps, it Is automatically 
tripped and the other generator automati- 
cally provides power through the bus trans- 
fer system. Generator cutout occurs at an 
engine speed of approximately 2800 rpm. 
Conventional switches are provided for 
manual control of the generators. 

EXTERNAL POWER SUPPLY 

The aircraft is equipped with two recepta- 
cles for connecting ac and dc external power 
sources to the aircraft electrical system. 
These receptacles are located in the nos c - 
wheel well. When external power is con- 



nected to the aircraft and the power switch 
Is In the EXT PWR position, the ac genera- 
tors are automatically disconnected from 
their respective buses and the buses re- 
ceive power from the ground power unit. 
External dc power is paralleled with the 
dc output of the two aircraft transformer 
rectifiers. External dc power and inverter 
cooling air must be connected in order for 
the external ac power to be available. 



DC ELECTRICAL POWER SUPPLY 

Electrical power for the essential and 
monitored dc buses is normally supplied by 
the paralleled output of two 200 -amp trans- 
former rectifiers which are powered In- 
dividually by the ac buses. The two 25 
ampere-hour emergency batteries are fur- 
nished to supply the essential dc bus with 
power for a limited time when both trans- 
former rectifiers or both generators are 
inoperative. 



AC INVERTER POWER SYSTEM 

Fixed fr equency ac power is supplied by 
four 600 VA solid state air cooled Inverters. 
These inverters, located in the cheeks of 
the nosewheel well, are controlled by cock- 
pit switches and powered by the essential 
dc bus. The No. 3 Inverter Is also con- 
nected to the INS battery whenever the INS 
mode switch is on. Normally the No. 1, 
No. 2 and No. 3 inverters furnish power to 
their respective buses. The No. 4 inverter 
is normally off. Inverter power distribution 
is so arranged that the No. 1 inverter bus 
and its 26-volt instrument transformer 
powers most of the flight and engine instru- 
ments. The No. 3 inverter bus furnishes 
ac power for the INS. In the event of in- 
verter failure or other electrical system 
malfunction, any one of the three Inverter 
buses may be operated from the No. 4 ln- 
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LEFT AND RIGHT FORWARD PANELS 

left aao Rion forward panels 






1 OXYGEN QUANTITY GAGE 

2 LANDING GEAR LEVER 

3 FUB QUANTITY INDICATOR SELECTOR SWITCH 

4 INVERTER SWITCHES 

J GENERATOR SWITCHES 

6 MAP DESTROY SWITCH 

T BATTERY SWITCH 

5 FUEL QUANTITY INDICATOR 

9 CIP AND OXYGEN TEST SWITCH 

10 CABIN ALTLWETTR 

1! CABIN ALTIWFIER SELECTOR LEVER 

12 GEAR AND WARNING LIGHTS JEST BUTTON 



Figure 1-19 
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verier power supply. Certain related equip- 
ment is transferred from the No. 1 and No. 
3 inverter by operation of the autopilot se- 
lector switch to maintain the proper power 
phase relationships. The AN/ARC 50 UHF 
radio has its own rotary inverter supply. 
Refer to Electrical Power Distribution dia- 
gram this section. 



ELECTRICAL SYSTEM CONTROLS AND 
INDICATORS 

Circuit gwwfceri 

The cockpit circuit breaker panels are lo- 
cated on the right and left consoles and be- 
low the annunciator panel. The circuit 
breakers are push to reset, pull out type 
breakers for certain ac and dc circuits as 
listed on the electrical power distribution 
chart, figure 1-17. Circuit breaker panels 
which are not accessible during flight, but 
which should be inspected before flight, are 
located in the air conditioning bay (just for- 
ward of the refueling receptacle) and elec- 
trical load center (left hand side of nose- 
wheel well). 

Generator Swltchet 



A switch for each generator is located on 
the right side of the instrument panel and is 
powered by the essential dc bus. Each 
switch has three positions; GEN BESET 
(up), TRIP (down) and center (neutral). The 
switches are spring loaded to the center 
neutral position. Holding the switch In the 
GEN RESET (up) position will return the re- 
spective generator to normal operation If It 
has been removed from the bus for any rea- 
son other than complete generator failure. 
In the TRIP (down) position, the generator 
output will be removed from the generator 
bus and the auto bus transfer system will 
supply that bus from the other generator If 
It Is operating. 



MOTS 

The generators must be reset and 
connected to the bus after the en- 
gines are started and before the 
ac ground power is removed. 

Power S witch 

A three -position battery-external power 
switch is located on the right side of the 
instrument panel. When in flight or on the 
ground with ground power disconnected, 
placing the power switch in the BAT (up) 
position causes the emergency batteries to 
supply power to the essential dc bus. In 
the EXT PWR (down) position, the external 
power sources furnish power for the elec- 
trical systems. In the center OFF position, 
external ac power is disconnected but power 
from the dc external receptacle will con- 
tinue to supply the essential and monitored 
dc buses and dc power' will not be inter- 
rupted by moving the power switch from the 
EXT PWR to OFF positions. 

Inverter Switches 

Switches for No. 1, No. 2 and No. 3 In- 
verters are located on the right side of the 
instrument panel below the generator 
switches. In the NORM (up) position, the 
respective inverter is energized and sup- 
plies power to its individual bus. In the 
OFF (center) position the Inverter Is dis- 
connected from the essential dc bus. In 
the EMERG (down) position the No. 4 In- 
verter is activated and connected to that 
inverter bus. In the event of multiple in- 
verter failure, the lowest numbered in- 
verter switch that Is placed In the EMERG 
position receives power from the No. 4 In- 
verter. Under this condition, a higher 
numbered Inverter can not receive power 
even If its inverter switch is In the EMERG 
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position. No. 3 inverter aleo may receive 
dc power from the small INS battery if the 
INS mode switch ia not in the OFF position. 



Generotor Out Indlcotor Lights 

The L and R GENERATOR OUT indicator 
lights, located on the annunciator panel, il- 
luminate when a generator is not furnishing 
power to its ac bus. 

Tronisformer-Rectificr Out Indicator Lights 

Tho L and R XFMR-RECT OUT indicator 
lights, located on the annunciator panel, il- 
luminate to Indicate that the respective 
transformer-rectifier is not furnishing 
power to the dc buses. 

Inverter Out Indicator Lights 

Three INVERTER OUT indicator lights are 
located on the annunciator panel. When il- 
luminated, the numbered light indicate* 
that the respective inverter bus voltage is 
too low. An Inverter switch must be placed 
in the OFF position to disconnect that In- 
verter from the bus. When a disconnected 
inverter is switched to the EMERG position, 
the No. 4 inverter is activated and will fur- 
nish power to the respective Inverter bus 
and the light will be extinguished unless a 
lower numbered Inverter switch has already 
been turned to EMERG. 



Emergency Battery On Indicator Light 

The EMER BAT ON light located on the an- 
nunciator panel illuminates when the emer- 
gency batteries are furnishing power to the 
essential dc bus. 



HYDRAULIC POWER SUPPLY SYSTEMS 

Four separate hydraulic systems are In- 
stalled on the aircraft, each with Its own 
pressurized reservoir and engine-driven 
pump. The pumps for the A and l. system 
arc driven from the left engine remote gear 
box and the B and R system pumps are dri- 
ven from the right engine remote gear box. 
Hydraulic fluid is cooled by fuel-oil ex- 
changers, using the aircraft fuel supply as 
the cooling agent. The A and B hydraulic 
systems provide power for operating the 
flight controls. The L and R systems pro- 
vide power for all other hydraulic require- 
ments of the aircraft. Under normal op- 
erating conditions, the systems are Inde- 
pendent of one another. The L hydraulic 
system provides hydraulic power to the 
left engine air Inlet control, the landing 
gear (including uplocks and door cylinders), 
normal brakes. In-flight refueling door, 
UHF retractable antenna, and normal nose- 
wheel steering. The R hydraulic system 
provides hydraulic power to the right air 
Inlet control and also to the alternate 
brakes, nosewheel steering, refueling door 
and landing gear (emergency retraction 
only) when the L hydraulic system has 
failed. When the R hydraulic system sup- 
plies power to the brakes, the anti-skid 
feature is Inoperative. 

Hydrqulic System Pressures Gages 

Two dual indicating hydraulic gages are In- 
stalled on the lower center portion of the 
Instrument panel. The right hand gage In- 
dicates hydraulic pressure of the A and B 
(flight controls) systems, and the left hand 
gage indicate* hydraulic pressure of the L 
and R systems. The gages arc calibrated in 
100 psl increments from 0 to 4000 psl. 
Pressure indication on the gages is accom- 
plished by means of remote transmitters in 
the individual systems. Twenty-six volt ac 
power Is furnished by the instrument trans- 
former and the No. 1 inverter. 
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A AND B HYDRAULIC POWER SUPPLY SYSTEM 




Figure 1-20 
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L AND R HYDRAULIC POWER SUPPLY SYSTEM 

mo ouawi™ 




Figure 1-21 
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Hydroulk Wornlng Llohh 

Six hydraulic warning light* are located on 
the annunciator panel. The A and B HYD 
PRESS LOW lights will Illuminate when the 
pressure In the respective system drops be- 
low 2200 +0 -150 pel. The A and B HYD 
LOW light will illuminate when the quantity 
is less than 1-1/4 + 1/8 gallons. The L and 
ft HYD LOW light will illuminate when the 
respective reservoir quantity Is less than 
1-1/4 ± 1/8 gallons. Power for the lights 
Is furnished by the essential dc bus. 



minute. In the B (down) position the sole- 
noid valves to the B ayitem are opened and 
the reserve fluid will supply the B system. 
Power for the valves U furnished by the 
essential dc bus. 



WARNING 



Reserve hydraulic fluid Is to be 
used only to supply the operative 
A or B system In the event of 
malfunction of the other system. 



Hydraulic System QuonHty Gage 

A quadruple hydraulic fluid quantity Indi- 
cator installed on the right side of the in- 
strument panel. The L and R concentric 
needles are on the left side of the gage and 
the A h B concentric needles are on the 
right side of the gage. The dials are 
marked In gallons. Power is furnished 
from the 26 V ac Instrument transformer. 

HYDRAULIC RESERVE Oil SYSTEM 

A reserve oil supply for the A and B hy- 
draulic systems Is contained In an 8.5 gal- 
lon reserve tank mounted in the No. 4 fuel 
tank. The reserve hydraulic oil is trans- 
ferred by gravity flow and nitrogen pres- 
sure through solenoid operated shutoff valves 
to either the A or B hydraulic system. 

Hydraulic Re»erva Oil Switch 

The hydraulic reserve oil switch is mounted 
on the left side of the annunciator panel. It 
Is a three position switch, guarded in the 
center OFF position. In the A (up) position, 
solenoid operated shutoff valves are opened 
to the A hydraulic system suction and tank 
vent lines. This allows the reserve hy- 
draulic Quid to supply the A system as 
needed up to approximately 0.3 gallon per 



FLIGHT CONTROL SYSTEM 

The cockpit flight controls consist of a con- 
ventional control stick and rudder pedals. 
The delta wing configuration utilises elevens 
Instead of separate aileron and elevator 
control surfaces. The elevens, moving to- 
gether in the same direction, function as 
elevators and when moving in opposite di- 
rections, function as ailerons. Each ele- 
von consists of an Inboard and outboard 
panel with the Inboard panel located between 
the fuselage and the nacelle and the out- 
board panel outboard of the nacelle. Both 
panels on one side function as a single unit 
with the servo Input to the outboard elevon 
connected directly to the inboard elevon 
surface. The dual canted rudders are full 
moving, one piece, pivoting surfaces with 
a small fixed stub at the junction of the 
vertical surface and the nacelle. Deflection 
and control of the elevons and rudders is by 
means of dual, full hydraulic, Irreversible 
actuating systems. 

Control surface travel limits are as follows.: 





Elevons 


Rudder* 


Pitch 


10° Down 
24° Up 




Pitch plus 
Roll 


20° Down 
35° Up 




Yaw 




20° Left 
20° Right 


Roll 


12° Down 
12° Ud 
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Figure 1-22 
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Manually operated mechanical stops are in- 
corporated in the cockpit mechanism to limit 
the surface movement at high speed. Elevon 
travel in roU is limited to 7 up, 7° down 
and rudder travel is limited to 10° right, 
10 left. An additional atop la installed in 
each rudder servo package to limit the rud- 
der travel. These stops are electrically 
controlled and hydraulically operated by 
separate electrical and hydraulic systems. 
If no electrical power la available, the rud- 
ders will be limited to approximately 10° L 
and R travel. If electrical power Is avail- 
able to one stop, that rudder only will have 
the full 20 L> and R travel available. The 
rudder cable must be stretched to obtain 
this travel, causing a noticeable Increase 
In rudder pedal force. 

CABLE SYSTEM 

Cable systems are utilized to transfer con- 
trol movements from the control stick and 
rudder pedals to the flight control mechan- 
isms. The pitch and roll axis cable sys- 
tems are duplicated from the cockpit to the 
mixing mechanism In the aft fuselage. The 
rudder system has two separate closed 
loop single cable systems, one to each rud- 
der. Cable tension regulators and alack 
absorbers are Incorporated in the cable 
systems. 

TRIM CONTROL SYSTEM 

Flight control trim is accomplished by de- 
flecting the control surfaces through the 
use of electrical trim actuators. The roll 
and pitch trim actuators are located down- 
stream of the feel springs so that stick 
position remains neutral, irrespective of 
the amount of trim. The trim actuator and 
feel spring location La combined In the rud- 
der mechanism and yaw trim is reflected 
by rudder pedal position. 



Travel llmlte of the trim system are 3-1/2° 
down to 6-1/2° up in pitch, 4.5° up and 
down (each side) In roll, and 10° left to 10° 
right In yaw. Trim position indicators are 
provided for each axis. Trim rates are as 
follows: 





Pitch 


Roll 


Yaw 


Max. 


1.5°/«ec 


.95°/sec 
Total 
Diff. 


1.5°/»ec 


Mln. 


0.67°/sec 


.47°/e.c 
Total 
Diff. 


0.67°/.e< 



Automatic pitch trim uses a separate, slow 
speed motor for autopilot synchronization. 
The automatic pitch trim rate is 0.15 O /sec 
maximum and 0.067°/sec minimum. Trim 
power Is normally furnished by the R gen- 
erator bus. 



RUDDER PEDALS 

Primary control for the rudders consists 
of conventional rudder pedals mechanically 
connected by cables, bell cranks and push- 
rods to hydraulic control valves at the rud- 
der hydraulic actuators. The rudder pedals 
are released for adjustment by pulling the 
T -handle labeled PEDAL ADJ located be- 
low the annunciator panel. Wheel brakes 
are controlled conventionally by toe action 
on the rudder pedals; refer to Wheel Brake 
System, this section. Rudder pedal move- 
ment also controls nosewheel steering; 
refer to Nosewheel Steering System, this 
section. The pedals are hinged to fold in- 
board and upward, providing foot space on 
the cockpit floor. 
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FLIGHT CONTROL SYSTEM ( Inboanl Elevons) 




Figure 1-23 (Sheet 1 of 2) 
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Figure 1-23 (Sheet 2 of 2) 
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A 




f«(WTVIEW SIDE VIM 



I TRANSMITTER- INlWPHOtf COMTROt SWITCH 
I PITCH AM) YAW TRIM SWITCH 

3 OONTSOl STICK COMMANB-NOSEWWei 

4 JAMO'RIIX SWITCH 

5 EMERGENCY AUTOPIIOT DISENGAGE SWITCH AND AIR 

KFUELOISCCWECr mm.mio 

Figure 1-24 
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ARTIFICIAL FEEL SYSTEM 

The use of a full power irreversible control 
system for actuation of the surfaces prevents 
air loads and resulcing "feel" from reaching 
the cockpit controls. Therefore, feel 
springs are Installed In each of the pitch, 
roll and yaw axis mechanisms to provide an 
artificial sense of control feel. The springs 
apply loads to the pilot controls In pro- 
portion to the degree of control deflection. 



CONTROL STICK 

The control stick Is mechanically connected 
by a torque tube, push rods and bell cranks 
to the dual cable system which operates the 
roll and pitch quadrants in the ait fuselage 
tall cone. Mechanical push rod linkage* 
mix the control movements and position dual 
hydraulic control valves. These valves di- 
rect both A and B system hydraulic pres- 
sure to the inboard elevon actuating cy- 
linder*. 

Push rods, bell cranks and torque tubes 
transfer Inboard elevon deflection to posi- 
tion the outboard dual hydraulic control 
valves. These valves direct both A and B 
system hydraulic pressure to the outboard 
elevon actuating cylinders. A push rod 
followup system closes off the flow of hy- 
draulic fluid to the actuators when the de- 
sired elevon deflection is obtained. Lo- 
cated on the control stick grip is a com- 
bination pitch and yaw trim switch, an auto- 
pilot control stick command, a nosewheel 
steering button, a microphone switch for 
both interphone and radio transmission, a 
combination autopilot disconnect and in- 
flight refueling disconnect switch and a 
Jam override pushbutton. 



Control Stick Commond Switch (CSC) 
Refer to AutopUot System, Section TV. 



Pitch and Yow Trim Switch 

Pitch and yaw trim control Is provided by 
a spring-loaded, four position thumb ac- 
tuated switch installed on the control stick 
grip with a center OFF position. The 
switch positions are ; .EFT, BIGHT, NOSE 
UP and NOSE DOWN. The switch controls 
trim motors powered by the right generator 
bus through the 28 -volt ac trim actuator 
transformer and trim power bus. 

MOTE 

The trim power switch must be in 
the ON position before the pitch, 
roll and yaw trim switches will 
operate. 

Lateral movement of the switch to the left 
corrects for right yaw and lateral move- 
ment to the right corrects for left yaw. 
Forward movement of the switch produces 
down elevon operation of the trim motors 
and actuators (aircraft nose down). Aft 
movement moves the elevons up (aircraft 
nose up).' 



Trim Power Switch 

A trim power ON-OFF switch is located on 
the annunciator panel. It enables the pilot, 
if necessary, to disconnect power to all 
trim motors quickly as the main trim 
power ac circuit breaker is not available 
to the pilot. To prevent Inadvertent move- 
ment the switch must first be pulled out be- 
fore it can be moved from the ON to the 
OFF position. In the ON position 200 volt 
3 phase ac power from the right generator 
bus Is applied to the primary side of the 
trim actuator transformer. Individual 28 
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>c circuit breakers for A and C pha«ea of 
the Manual Pitch, Auto Pitch, Roll and Yaw 
trim circuits are located on the right con- 
sole. 



Roll Trim Switch 

A three-position roll trim switch is located 
just forward of the throttle quadrant. The 
switch positions are Indicated by L (left) 
and R (right) arrow*. The switch is spring - 
loaded to the center off position. When the 
switch is held in the R position, the roll 
trim motor actuates to move the right ele- 
vons up and the left elevons down. Actuation 
of the switch to the 1> position moves the 
right elevons down and left elevons up. 28- 
volt ac power is furnished from the trim 
power bus. 

Ruddcr-Synchronlrotlon Switch 

A three-position rudder synchronization 
switch is installed just forward of the 
throttle quadrant. The switch positions are 
indicated by L (left), R (right) arrows. It is 
sprtngloaded to the center off position. In 
the L and R positions the switch provides 
electrical power to the right rudder trim 
motor which moves the right rudder to 
agree with the position of the left. Rudder 
synchronization is obtained by superim- 
posing the L and R needles on the yaw trim 
gage. 28 -volt ac power Is furnished by the 
trim power bus. 

Roll, Pitch and Yow Trim Indicators 

Separate roll, pitch and yaw trim indicators 
are located on the left side of the instrument 
panel. The roll trim indicator uses a double 
ended needle and displays the amount of roll 
trim from 0 to 9 differential. The pitch 
trim indicator displays the amount of pitch 
trim from 5 nose down to 10° nose up, al- 



though only 3-1/2° nose down and 6-1/2° 
nose up trim Is available. The yaw trim 
Indicator displays the amount of yaw trim 
from 10° left to 10° right for both rudders. 
Rudder synchronization la obtained by super- 
Imposing the L and R needles on the yaw 
trim gage. 2 6 -volt ac power for the indi- 
cators is furnished by the instrument trans- 
former and the No. 1 Inverter. 



Surface Umlter Control Handle 

A T -handle, labeled SURF LIMIT RELEASE, 
is located on the left side of the annunciator 
panel. When the handle is turned 90 
counterclockwise and released, the me- 
chanical stops in the roll and yaw axis of 
the cockpit control System are activated. 
This action also opens an electrical switch 
which de-energizes a solenoid operated 
valve in each rudder servo package and 
activates the servo package rudder stops. 
When the handle is pulled out and rotated 
90 clockwise, the mechanical stops in the 
cockpit are released and the solenoid is 
energized, releasing the servo package 
stops. Power for the rudder limiting cir- 
cuit Is furnished by the essential dc bus. 

Surface Umlter Indlcotor Uflht 

When speed exceeds Mach 0.5, an indicator 
light on the annunciator panel will illuminate 
until the surface limlter handle is released. 
If the speed is below Mach 0.5 and the sur- 
face llmlters are on, the indicator light 
will illuminate until the surface limlter 
handle Is pulled out. Power for the lights 
Is furnished by the essential dc bus. 



AUTOMATIC FLIGHT CONTROL SYSTEM 

The automatic flight control system Includes 
stability augmentation, autopilot, and air 
data systems, plus additional subsystems 
furnishing attitude and navigational course 
Inputs for the autopilot. The air data sys- 
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tern furnishes signals to the autopilot and 
inertial navigation systems. The stability 
augmentation system supplies signals to the 
hydraulic servos that operate the control 
surfaces. The inertial navigation system 
supplies attitude and navigational course 
inputs for the autopilot. Heading and atti- 
tude reference signals for the autopilot are 
also supplied by the Flight Reference Sys- 
tem. The autopilot moves the aircraft hy- 
draulic servos through the SAS. For fur- 
ther information on the autopilot and In- 
ertial navigation systems, refer to Section 

rv. 



STABILITY AUGMENTATION SYSTEM 

The three axis stability augmentation sys- 
tem is a combination of electronic and hy- 
draulic equipment which augments the natu- 
ral stability of the aircraft. It is designed 
for optimum performance at the basic mis- 
sion cruise speed and altitude, but also 
provides Improved stability for in-flight 
refueling, landing and takeoff. The SAS is 
part of the aircraft's basic control system 
and is normally used for all flight condi- 
tions. 

Dual electronic channels are provided for 
all axes and a third monitor channel Is pro- 
vided for both the pitch and yaw axis. Logic 
circuits compare the functioning of each 
pitch and yaw channel and automatically 
delete a failed channel. The pilot is also 
provided with a visual warning of a failed 
channel. 

In the roll axis, each channel controls the 
elevons on only one side of the aircraft. 
The pilot may select a single channel If de- 
sired. Reliability Is provided through dual 
hydraulic and Inverter supplies. Each 
active channel in each axis Is powered by 
separate supplies so that the two halves of 
each system are operated Independently. A 
separate gyro system is provided for each 
channel in each axis. The design Is such 
that no single failure except overheating of 
a complete gyro package can cause loss of 
all channels in one axis. Even If this oc- 



curred, it Is unlikely that all of the gyros 
in the package would fall simultaneously. 
The SAS system compares the 3 electronic 
systems and disengages a malfunctioning 
A, B or M channel. Automatic gain in- 
crease Is applied to the remaining channels 
so that control response remains the same. 
A malfunctioning electronics channel is in- 
dicated by Illumination of the A or B and/or 
M light. 

STABILITY AUGMENTATION PITCH AXIS 

The pitch axis SAS consists of two inde- 
pendent active channels A and B and a 
third monitor M channel. The two 
Independent active channels A and B provide 
the deelred control through two pairs of 
tandem servos. There is one pair of 
servos on each side of the aircraft. The 
servos are in series with the autopilot and 
the pilot's control movements. Damping 
signals to the elevons do not move the 
control stick. Each A and B channel 
drives one servo on the left side of the 
aircraft and one on the right side. A 
channel uses A hydraulic system and B 
channel uses the B hydraulic system. This 
avoids loss of both channels in case of 
failure of either the A or B hydraulic 
systems. The sensors for the pitch axix 
are rate' gyros located in tank No. 3. The 
gyros provide signals in proportion to the 
rate of pitch attitude change of the air- 
craft. Above 50, 000 feet a "lagged" pitch 
rate gain is programmed into the pitch 
SAS electronic circuits. This pitch rate 
signal changeover may be felt as an abrupt 
pitch transient during a turn while climbing 
or descending through the 50,000 foot level. 
Refer to Section VII, Pitch Axis Character- 
istics due to Lagged Pitch Rate Switching. 
Phasing of the gyro signals is such that an 
angular pitch motion produces elevon 
movement to oppose and restrict attitude 
change. The system will take corrective 
action rapidly in the event of a gust 
disturbance. Pilot Inputs are also opposed; 
however, the elevon motion produced by the 
SAS is designed to aid the pilot In avoiding 
overcontrol and improve the handling 
qualities of the aircraft. 
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SAS AND AUTO PILOT CONTROL PANEL 




1 ROLL CHANNEL DISENGAGE LIGHT 

? SAS CHANNEL SWIIWCS 

3 sas recycle indicator lkhts 

* SAS LIGHT TTST SWITCH 

> A/P WADING MOID SWITCH 

* AfP AUTO NAV SWITCH 

I WP IKXl ENGAGE SWITCH 



» kIP ROLL TRIM SYIUCRONIZATIO* 
INDICATOR 

» Aip TURN CONTROL WHEEL 

10 A* PITCH TRIM SWCRONIZATION 
INDICATOR 

11 AIP PITCH ENGAGE SWITCH 
!2 A/P PITCH CONTROL WHEEL 
13 MPMACWXEASHOIO SWITCH 



Figure I-Z5 
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The logic circuit la able to Isolate a SAS 
failure In either the electronics or the aer- 
vos. When a malfunction la isolated, the 
failed active channel will disengage and the 
ayatem continues In operation on a single 
channel. Malfunctioning and dlscngageing 
of channels is Indicated by Indicator llghta. 
The pitch axis can command a maximum 
eleven surface travel of 2.5° up to 6.5° down. 
Dual or single channel operation produces 
the same corrective action of the elevon 
surface. Power for A channel U from the 
A phase of No. 1 inverter bus. Power for 
B channel is from the A phase of No. 2 in- 
verter. Monitor channel power is from the 
B phase of the No. i inverter. Each power 
source is protected by Individual circuit 
breakers in the cockpit. 

STABILITY AUGMENTATION YAW AXIS 

The yaw axis of the SAS Is very similar to 
the pitch axis, using two independent A and 
B channels and a monitor channel. There 
is one pair of hydraulic servos for each 
rudder, each pair mounted in a whiffletree 
arrangement. Damping signals to the rud- 
der do not move the rudder pedals. Each 
A and B channel drives one servo on each 
side of the aircraft. The A hydraulic aya- 
tem is connected to A channel and the B hy- 
draulic system to B channel. The rate 
gyro sensors for the three channels are 
identical to the pitch rate gyros, except for 
the physical orientation to sense yawing 
motions. A "Hi Pass" filter circuit la in- 
stalled to allow passage of normal short 
term damping signals, but will stop the 
signals when a deliberate turn is made. A 
lateral accelerometer sensor la also used 
in each channel of the yaw axis. This aen- 
sor provides an input for high gain lateral 
acceleration function to provide a more 
rapid rudder response during engine failure 
conditions. However, this function will op- 
pose the pilot when he is purposely trying 
to sideslip. 

The logic circuit is identical to the pitch 
axis and functions in the same manner. The 
yaw axis can produce a maximum rudder 
travel of 8 left to fl right. Corrective 



surface motion la the same regardless of 
one or two channel operation due to auto- 
matic gain doubling if only one channel is 
operative. Power for A channel is from the 
B phase of the No. 1 inverter, B channel 
from the B phase of the No. 2 inverter and 
the monitor channel from the B phase of the 
No. 3 inverter. The circuitry from each 
power source is protected by individual 
circuit breakers. 

STABILITY AUGMENTATION ROLL AXIS 

Roll axis reliability requirements are not 
as severe as pitch and yaw; therefore, less 
complicated circuitry and components are 
uaed. The roll axis has two independent 
channels, each operating the elevons on one 
side of the aircraft. A channel positions 
the left elevon surfaces and operates from 
the A hydraulic system. B channel positions 
the right elevon surfaces and operates from 
the B hydraulic ay stem. There Is no moni- 
tor channel. Each channel can be operated 
individually. Although the system gain la 
the same as two channel operation, roll 
control ia not eymmetrical. Coupling Into 
the yaw and pitch axes la possible, but the 
systems operating in those axes minimize 
undesirable aircraft motion. Maximum 
elevon travel in the roll axis Is 2° up to 2° 
down (each side), for a total of 4° differen- 
tial with both systems operating. Power 
for A channel is from C phase of the No. 1 
inverter and B channel from C phase of the 
No. 2 inverter. 

STABILITY AUGMENTATION SYSTEM (SAS) 
CONTROL PANEL 

The SAS control panel on the right console 
contains six channel switches, for A and B 
channels of the pitch, roll and yaw axis. 
The panel also contains a press-to-test 
switch and six Indicator lights for the A, B 
and MON channels in the pitch and yaw axis. 
Three guarded switches for the backup 
pitch damper, pitch logic override and yaw 
logic override are located on the right side 
of the annunciator panel. A roll channel 
disengage light is located between the roll 
channel switches. Individual circuit 
breakers are located on both right anc left 
consoles. 
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Channel Switches 

There are six toggle switches located on 
the SAS control panel. There is one pair 
for each axis; pitch, roll and yaw. The 
forward switch of each pair is A channel 
and the rear switch is B channel. The 
switches have two positions; ON (forward) 
and OFF (aft). When electrical power Is 
on the aircraft and the channel switches are 
OFF, the SAS electronics are powered, but 
the channel servos are not engaged into the 
control system. Moving the switches to the 
ON position engages the SAS servos pro- 
viding the recycle light is extinguished. If 
the recycle light is not extinguished It must 
be depressed for engagement. 

Recycle Indicator Light* 

Six indicator lights are located on the SAS 
control panel adjacent to the pitch and yaw 
channel engage switches. One light Is pro- 
vided for each A, B and MON channel In 
the pitch and yaw axes. When the channel 
■witch is on and the light is not illuminated, 
the channel is functioning properly. If the 
light is illuminated, it indicates that the 
channel has disengaged and the light may 
be pressed to recycle the channel. In the 
event the failure was momentary, this will 
reengago the channel. If the light relllum- 
inates, the channel Is malfunctioning, but 
It la not necessary to turn the channel en- 
gage switch off because the light indicates 
that automatic disengagement ha* occurred. 



NOT! 

The lighted recycle indicator Ught 
should be pressed down firmly and 
released. A control surface tran- 
sient will occur if a hardover servo 
exists in that channel. Refer to 
Section m. 



The six recycle lights will be illuminated 
when electrical power is applied to the air- 
craft. The channel switches must be on 
and the recycle lights must be pressed to 
engage the channel electronics to the servos. 
When engaged and operating, the channel 
lights will be out. 



Roll Channel Disengage Light 

A single roll channel disengage light is lo- 
cated between the two roll channel switches. 
When illuminated it indicates that both roll 
channels have disengaged. Disengagement 
results when the roll servo channel outputs 
diffor Q by more than an amount equivalent 
to 0.6 surface deflection. When operating 
on a single roll channel the light will not be 
Illuminated and disengagement In the event 
of a failure is not provided. The switch 
must be ON for the active channel and OFF 
for the malfunctioning channel. 

Light Test Switch 

A pushbutton Ught test switch is located in 
the center of the SAS control panel. Press- 
ing the button illuminates all SAS lights for 
test. 



ftockup Pitch Pom per Switch 

A guarded BUPD switch is located on the 
right side of the annunciator panel. It Is 
guarded in the OFF position. It Is used In 
case the SAS pitch channels are unusable 
due to electronic malfunctions or over- 
heating of the pitch gyro package. In the 
ON position the backup gyro, located In the 
electronic compartment, supplies pitch 
rate signals through an independent elec- 
tronic channel to either the A or B servos. 
The pitch logic override switch must be 
used to select their A or B servo operation. 
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MOTE 

The primary purpose of the BUPD 
1* to provide an emergency system 
for pitch stability augmentation dur- 
ing refueling and landing approach. 
The system is optimised for use at 
light weight, aft center of gravity 
and subsonic speeds. It is not in- 
tended as an emergency backup sys- 
tem during cruise. Kefer to Section 
IH. Emergency Procedures. 

SAS Pitch Logic Override Switch 

A guarded, three-position SAS pitch logic 
switch la located on the right side of the 
annunciator panel. It Is OFF in the center 
guarded position and the logic circuit is op- 
erative. Placing the switch In the A (up) 
position deletes the logic circuit and selects 
A channel operation. In the B (down) posi- 
tion, the logic circuit is deleted and B chan- 
nel Is selected. The switch must be placed 
in either the A or B position when the BUPD 
is used. This selects operation of either 
the A or B servos. 



NOTE 

The override switch is only used 
as an emergency procedure. Refer 
to Section HI. 

SAS Yow Logic Override Switch 

A guarded, three -poaition SAS yaw logic 
switch is located on the right side of the 
annunciator panel below the pitch logic 
override switch. It la guarded in the OFF 
position. The A (up) position deletes the 
logic circuit and selects A channel operation. 
The B (down) position deletes the logic cir- 
cuit and selects B channel operation. 



NOTE 

The override switch is only used 
as an emergency procedure. Refer 
to Section m. 



PITOT -STATIC SYSTEMS 

The pltot-static system supplies the total 
and static pressure necessary to operate 
the basic flight Instruments and air data 
system components. The pressures arc 
sensed by an electrically heated probe 
mounted on the nose of the aircraft. The 
probe and forward nose also serves as an 
antenna for the high frequency radio. The 
pitot orifice of the probe Is divided Inside 
the head to provide two separate pressure 
sources. It also has two circumferential 
sets of four static pressure ports each. 
One pitot and the ait set of static ports sup- 
ply pressure signals to the air data com- 
puter and inlet air control systems. The 
other set of pickups supply pitot and static 
pressure directly to the speed sensors on 
the ejection seats, the altimeter, the rate 
of climb and airspeed indicators. An offset 
head on the left aide of the probe provides 
yaw and pitch pressure signals to the inlet 
•pike controls and to the stall warning light 
sensor. 

The heating elements of the probe are con- 
trolled by the pitot heat switch located on 
the left aide of the annunciator panel. 
Power is furnished by the left ac generator 
bus. 

An alternate heated pitot static source Is 
available from the Flight Recorder System. 
Refer to Flight Recorder, Section IV. 
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Pitot-Heot Switch end Indicator Light 

A two-position toggle switch la located on 
the le/t aide of the annunciator panel. In 
the ON (up) position ac power la applied to 
the heating elements of the pltot-static 
probe. The probe la grounded to the air- 
frame in a manner which permits the HF 
radio to be operated while pltot heat la on. 
In the OFF (down) position ac power la dis- 
connected from the probe heating elements. 

The circuitry also Incorporates an altitude 
switch and a PITOT HEAT light located on 
the annunciator panel. The pltot heat light 
will be on when the awitch is In the ON posi- 
tion and the altitude is above 65,000 feet, 
and also when the switch 1* in the OFF posi- 
tion and the altitude is below 50,000 feet. 
The light will be OFF If when below 50,000 
feet and pltot heat Is ON, and when above 
65.000 feet with the switch In the OFF posi- 
tion. 



AIR DATA COMPUTER 

The air data computer performs two func- 
tions, computation and display. The total 
and static pressures from the pltot-static 
probe are converted to electrical signals 
required for the pilot's triple display indi- 
cator, compressor inlet pressure Indicator 
system, the automatic flight control and in- 
ertial navigation systems. The ports which 
supply pressure to the air data computer 
are separate from those that furnish pres- 
sure to the basic flight instruments. There- 
fore, failure of the air data computer pres- 
sure source will not leave the pilot without 
the altitude, vertical velocity or airspeed 
information. The air data computer con- 
vert* pitot-static pressures Into propor- 
tional rotary shaft positions which are 
equivalent to pressure altitude and dynamic 



pressure. These shaft positions are com- 
bined In a mechanical analog computer 
made up of cams, gears and differentials 
to drive the output functions. Outputs of 
the air data computer and the using equip- 
ment are listed below: 



OUTPUT SIGNALS 


USING 

EQUIPMENT 


Pressure 

Altitude 




Airspeed ' 


Triple Display 
Indicator 


Mach 




KEAS + MACH 


Compressor Inlet 
Pressure Indicator 


KEAS 
Mach 




Mach Rate 
Altitude 


Autopilot 


Dynamic Pressure 




Presauro 


Inertia! Navigator 



Power for the air data computer la furnished 
either by the No. 1 or No. 3 Inverter de- 
pending on the position of the autopilot se- 
lector switch. 



Triple Ditploy Indicators 

A triple display indicator Is located on the 
Instrument panel to provide digital displays 
of airspeed, altitude, and Mach number as 
computed by the Air Data Computer. The 
altitude indication range of the TDI is from 
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0 to 99,950 feet. At 100.000 feet the first 
digit is dropped, indicating 09.950 feet at 
109,950 feet pressure altitude, the maxi- 
mum limit of the ADC signal to the Instru- 
ment. The Mach number display capability 
range of each instrument is 0 to 3.99; how- 
ever, the minimum indication at static con- 
ditions normally ranges from 0.1 to 0.2 
Mach number and the maximum indication 
would be Mach 3.5 for a normally function- 
ing instrument. This range corresponds to 
the range of signals which the ADC Is cap- 
able of providing. The TOI displays air- 
speed In knots equivalent airspeed (KEAS) 
within an instrument capability from 0 to 
599 KEAS; however, the minimum indi- 
cation is normally 75 to 110 KEAS to cor- 
respond with the minimum ADC signal pro- 
vided. The maximum signal provided by 
the ADC results in an airspeed indication 
which decreases from 599 KEAS at sea 
level to 523 KEAS at 66,800 feet and Mach 
3.5, and then decreases further at high 
altitudes to show the KEAS corresponding 
to Mach 3.5 and the existing pressure alti- 
tude. An off flag appears on the face of the 
instrument if the ADC loses power. Power 
for the instrument is from the No. 1 or No. 
3 inverter. 



NOT! 

Indications of the triple display 
indicator and the basic pltot- 
static flight instruments should 
be periodically cross checked to 
confirm proper system operation. 
Refer to figure A 1-2, Appendix I. 

The triple display indicator is 
primarily used for aircraft con- 
trol above FL 180 and to main- 
tain proper airspeed control dur- 
ing climbs to FL 180. Basic 
pitot-static operated flight instru- 
ments shall be used in the landing 
pattern, during takeoff until pro- 
per climb schedule is established 
on the TDI, and during all simu- 
lated or actual instrument flight 
below FL 180. 



. If KEAS Indications oscillate be- 
tween two values on the high end 
of the range, it is an Indication 
that the indicator limit is being 
approached. 

INSTRUMENTS 

For information regarding instruments that 
are an integral part of a particular system, 
refer to applicable paragraphs In this 
section and Section TV. 



Ainpeed-Moch Meter 

A combination airspeed and Mach meter 
operating directly from pitot-static pres- 
sure is located in the flight instrument 
group. This Is a special instrument with 
airspeed and Mach number ranges com- 
patible with aircraft performance capa- 
bilities. Mach number and Indicated air- 
speed are read simultaneously on the win- 
dow and outer Index respectively. A limit 
airspeed needle (white barred) shows the 
airspeed limit of the aircraft. The actual 
airspeed limit is in equivalent airspeed; 
however, the needle varies with altitude to 
read the Indicated airspeed that converts 
to equivalent airspeed. 

Altimeter 

A sensitive pressure altimeter Is located 
on the Instrument panel. In addition to the 
1000 foot and 100 foot pointers, It also has 
a 10,000 foot pointer. This pointer extends 
to the edge of the dial with a triangular 
marker at its extremity. The center disc 
has a cutout through which yellow and blac*. 
warning stripes appear at altitudes below' 
16,000 feet. The barometric pressure 
scale is in a cutout at the right side and Is 
set by a knob locatod at the lower left side 
of the instrument. 



1-63 



SECTION I 



A-12 



Attitude Indicator (MM-3 ) 

The attitude indicator is Located in the basic 
flight instrument group an the instrument 
panel. It provides constant visual indication 
of nose and wing position in relation to the 
earLh's surface. Attitude indications are 
presented by a spherical graduated dial, a 
W reference line, a bank pointer, and a 
marked outer ring. A horizontal line is 
formed on the spherical dial by the meeting 
of a gray, upper climb section and a black 
lower dive section. The instrument shows 
. attitude in climb or dive up to 85 degrees. 

NOTE 

At approximately 85 degrees climb 
or dive, the attitude indicator will 
flip but will not tumble. The 180 
degree flip in roll will be very rapid 
and the instrument will accurately 
indicate pitch and roll attitudes Im- 
mediately thereafter. Some small 
Inaccuracies may develop after a 
aeries of maneuvers beyond the 85 
degree climb or dive attitude. 
These inaccuracies will automat- 
ically be cancelled out at the erec- 
tion rate of .8 to 1.8 per minute. 

The W reference line remains fixed with 
the marked outer ring and represents the 
aircraft in miniature. The spherical dial 
moves up or down, or the whole spherical 
dial assembly rotates within the instrument 
case behind the W reference line and outer 
ring to indicate aircraft attitudes. As the 
dial assembly rotates, the bank pointer 
moves with it to indicate degrees of bank 
on the outer ring. The outer ring indicates 
0 - 90 bank. The spherical dial and 
pointer are capable of rotating a full 360 
degrees of roll with the aircraft. Pitch 
attitude of the aircraft is indicated by the 
position of the horizon line in relation to 
the miniature aircraft. A pitch adjustment 
knob on the lower right side is used to 
change the position of the spherical dial as 
desired. During initial gyro erection, and 
when power Is off or is Insufficient to keep 



the gyro stabilized, a warning OFF flag 
appears at the bottom of the Indicator. The 
autopilot and attitude reference selector 
switch is used to select pitch and roll atti- 
tude signals from either the INS or FRS 
stable platforms. 

CAUTION 

To avoid gross pitch attitude 
errors the pitch adjustment 
knob of the attitude indicator 
should be adjusted to align the 
index marks before the auto- 
pilot and attitude reference 
selector switch is changed in 
flight. 



NOTE 

To determine a possible malfunction 
of the attitude indicator, an occa- 
sional accuracy check should be made 
by comparing it against the standby 
attitude indicator and other basic 
flight instruments. 

The system is powered by the No. 1 and 
No. 3 inverter depending on the position of 
the autopilot selector switch. 

■ 

Standby Attitude Indicator 

The standby attitude Indicator located on the 
lower left side of the Instrument panel pro- 
vides the pilot with an independent attitude 
reference, ft contains a sphere Inscribed 
with an artificial horizon and calibrated In 
degrees of aircraft angle of pitch. The 
globe is detailed to represent the sky and 
earth areas, and Is capable of rotating to 
indicate pitch angles of + 82 degrees and 
roll angles of 360 degrees. The bank angle 
scale is marked on the lower periphery. A 
pitch reference adjustment knob Is provided 
on the lower right corner of the Instrument 
for positioning the reference bar as desired. 
A fast erect pushbutton Is provided on a 
small panel above the throttles. 
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Figure 1-28 



Do not hold fast erect button for 
more than 45 seconds to prevent 
overheating of fast erect motor. 

This in«trument has its own self-contained 
gyro and is not dependent on another re- 
ference source. The OFF flag will be 
visible whenever power to the indicator Is 
interrupted. Power is provided by the C 
phase of the No. 2 Inverter. 



Verticol Velocity Indicotor 

A vertical velocity indicator is located on 
the instrument panel and shows the rate of 
change of altitude in feet per minute, 
Changes in pressure due to changes in alti- 



tude are, sensed by the static system and 
transmitted to the indicator. Depending on 
the instrument installed the instrument is 
capable of indicating vertical speed of 0 to 
± 12.000 feet per minute or 0 to 6,000 feet 
per minute. An over -pressure diaphragm 
and valve prevent excessive rates of climb 
or descent from damaging the instrument. 

Turn ond Slip Indlcotor 

A turn and slip indicator is installed on the 
instrument panel. The Indicator is cali- 
brated for either a two or four minute turn. 
The indicator is powered by the essential 
dc bus. An additional larger slip Indicator 
is mounted on the upper center instrument 
panel beneath the CIP indicator. 
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Clock* 

An elapsed time clock 1* located on the in- 
strument panel. It contains an elapsed time 
mechanism that is started and stopped by 
pushing the winding knob. AnA13Aclock 
is also installed in the panel. The second 
hand is started and stopped by the small 
button on the upper right corner. The third 
hand serves as a 60 minute recorder. 



EMERGENCY EQUIPMENT 

MASTER WARNING SYSTEM 

An annunciator panel Is mounted on the 
lower instrument panel. The panel contains 
Individual warning lights that indicate mal- 
functions or failures of equipment and sys- 
tems. Illumination of any individual light 
also illuminates an amber master caution 
light on the upper portion of the instrument 
panel. Once illuminated, the master 
caution light can be extinguished (reset) by 
depressing the light. The Individual an- 
nunciator panel light will remain illuminated. 
Another malfunction again Illuminates the 
master caution light. Warning lights are 
automatically dimmed when the instrument 
panel lights are on. The master warning 
system does not include the fire warning 
and landing gear unsafe lights. Power is 
furnished by the essential dc bus. 



NACELLE FIRE WARNING SYSTEM 

A fire warning system detects and indicates 
the presence of a fire in the engine nacelles. 
A hot spot anywhere along the length of the 
detection circuit will Illuminate the light of 
that particular nacelle. The lights are lo- 
cated on the pilot's Instrument panel above 
the respective column of Instruments per- 
taining to each engine. 



Nocelle Fire Wornlng Lights 

Left and right nacelle FIRE warning lights 
located on the top right aide of the instru- 
ment panel, Illuminate when nacelle tem- 
perature at the turbine or at the after- 
burner exceeds 1050 F ♦ 50 . Flip down 
glare shields are provided for night flying. 
Power for the circuit Is furnished by the 
No. 1 Inverter. 

STALL WARNING LIGHT 

A STALL WABNING light is located on the 
annunciator panol which is illuminated when 
the aircraft angle of attack readies + 14 de- 
grees and the nose landing gear scissor 
switch Is open. Pressure differences be- 
tween the a 1 and 2 Inlets on the pitch and 
yaw probe are sensed by a pitch trans- 
mitter unit to actuate this light. A steady 
tone warning signal Is also produced In the 
pilot's earphone. Power for the stall warn- 
ing light is furnished by the essential dc bus. 

LANDING GEAR SYSTEM 

The tricycle landing gear and the main 
wheel well inboard doors are electrically 
controlled and hydraulic ally actuated. The 
main geax outboard doors and the nose gear 
doors are linked directly to the respective 
gear struts. Each three wheeled main gear 
retracts Inboard Into the fuselage and the 
dual wheel nose gear retracts forward into 
the fuselage. The main gear is locked up 
by the inboard doors and the nose gear by 
an uplock which engages the strut. There 
Is no hydraulic pressure on the gear when 
It is up and locked. Down locks Inside the 
actuating cylinders hold the gear in place 
lr. the extended position. Hydraulic pres- 
sure Is also on the gear In the extended 
position when L system pressure is avail- 
able. The landing gear cylinders and doors 
are actuated In the proper order by two se- 
quencing valves. Normal gear operation is 



- 
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powered by the L hydraulic pump on the left 
engine. Should pressure drop to 2000-2200 
psl during retraction, the power source 
automatically becomes the R hydraulic pump. 
R hydraulic pressure will not extend the 
gear in the event of an L system failure and 
the manual landing gear release must be 
used. Normal gear extension time is 12- 
16 seconds. 

LANDING GEAR LEVER 

A wheel shaped landing gear lever ia in- 
stalled on the lower left side of the Instru- 
ment panel just forward of the throttle quad- 
rant. The lever has two positions] UP and 
DOWN. A locking mechanism is provided 
to prevent the gear lever from being inad- 
vertently placed In the DOWN position. A 
button which extends upward from the top of 
the lever must be pressed forward in order 
to release the lock mechanism. An over- 
ride button is Installed just above the gear 
lever and may be used to override the 
ground safety switch should it become nec- 
essary to raise the gear when the weight of 
the aircraft is on the landing gear. Once 
energised, the gear lever must be recycled 
to the DOWN position in order to bring the 
ground safety switch back into the circuit. 
A red light Installed in the transparent 
wheel illuminates during cycling, or when 
the gear is In an unsafe condition. Power 
for the circuit is furnished by the essential 
dc bus. 



Manual Lending Gear Release Handle 

A manual landing gear release handle la- 
beled GEAR RELEASE ia installed on the 
annunciator panel. If the L hydraulic sys- 
tem has failed but R hydraulic pressure is 
available, the landing gear lever must be 
in the DOWN position or the landing gear 
CONT circuit breaker must be pulled out 
before pulling tho GEAR RELEASE handle. 
Otherwise, the R system will retract the 



gear. The gear extends by gravity force. 
Approximately 9 Inches of pull on the handle 
is required since the uplocks are released 
at different positions along the cable length. 
The nose gear uplock is released first 
followed by the right gear then the left. 
Gear retraction is possible after being 
lowered by the manual gear release handle, 
provided L or R hydraulic system pressure 
is available. 



Gear and y/prnipg Light Test Button 

A gear and warning light pushbutton switch 
is located on the left forward panel. When 
depressed it illuminates the landing gear 
lever red light, all annunciator panel lights, 
the right and left nacelle fire warning lights, 
and actuates the gear warning tone in the 
headset. It Is also used to test the three 
green landing gear position lights when air- 
borne. 



Loading Geor PoilHon Uojih 

Three green lights, located on the left side 
of the instrument panel indicate the down 
and locked condition of the landing gear. 
The location of each light corresponds to 
the respective wheel it monitors, power 
is from the essential dc bus. 



Lending Gear Warning Light and Audible Warning 

Tlie red landing gear warning light In the 
landing gear lever handle when illuminated 
indicates: 

1. Gear Is cycling. 

2. Gear system Is not locked in the UP or 
DOWN position. 

3. Gear is UP and throttle settings are be- 
low MILITARY and altitude is below 
10,000 feet. 
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A pulsed tone warning signal Is also pro- 
duced in the pilot's earphones when the 
throttles are retarded below approximately 
1/3 the distance between the IDLE and MIL 
throttle settings, the landing gear is not in 
the down and locked position and aircraft 
altitude is below 10,000 feet + 500 feet. 
Power for the light and pulsed tone warning 
Is furnished by the essential dc bus. 

Landing Geor Warning Cutout Button 

The audio gear warning signal can be elim- 
inated by pressing the GR SIC REL push- 
button switch on the instrument panel. The 
circuit Is reactivated when the throttles are 
advanced above the minimum cruise setting. 
Power is aupplied by the essential dc bus. 



Land Gear Ground Safety Pirn 

Removable ground safety pins are Installed 
in the landing gear assemblies to prevent 
inadvertent retraction of the gear while the 
aircraft is on the ground. Warning stream- 
ers direct attention to their removal before 
flight. An additional set of ground safety 
pins is provided In a container behind the 
seat. 



LANDING GEAR STRUT DAMPER 

A landing gear strut damper system is in- 
stalled to control gear "walking" during 
brake operation. The system Is sensitive 
to less than one g change in fore and aft 
acceleration. The damping is controlled 
through a g monitoring valve which auto- 
matically increases or decreases the brake 
pressure as required. Hydraulic pressure 
for the damper system is provided by the L 
system. 



NOSEWHEEL STEERING SYSTEM 

The nosewheel steering system provides 
power steering for directional control when 
the aircraft weight is on any one gear. The 
nosewheel Is steerable 30 degrees cither 
side of center. Steering Is accomplished 
by a hydraulic steer-damper unit controlled 
through a cable system by the rudder pedals 
L hydraulic system pressure from the nose 
landing gear down line Is routed to the steei 
Ing system through a shutoff valve, which 
la controlled by the nosewheel steering 
(NWS) button on the control stick grip. 
Steering is engaged by depressing the NWS 
button and matching pedal position with 
nosewheel angle. A holding relay circuit 
allows the NWS button to be released after 
it Is once depressed and steering will stay 
engaged. It Is disengaged when the NWS 
button is again pressed and released. 
Steering is engaged at any time the NWS 
button la held depressed. Nosewheel steer- 
ing radius Is approximately 75 feet. A me- 
chanically operated centering cam auto- 
matically centers the nosewheel when It re- 
tracts. Power for the system Is furnished 
by the essential dc bus. 

NOTt 

Nosewheel steering is operable 
only if essential dc bus power 
is available and weight of the 
aircraft Is on any one gear. 
If the L system pressure 
should drop below 2000-2200 psi 
alternate nosewheel steering 
may be obtained by placing 
the brake switch to ALT STEER 
b BRAKE position. 




The landing gear aide load 
strength Is critical. Side loads 
during takeoff, landing and 
ground operation must be kept 
to a minimum. 



Changed 15 June 1968 
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WHEEL BRAKE SYSTEM 

The aircraft la equipped with artificial feel 
hydraulically operated power brakes. De- 
pressing the rudder pedal* actuates the 
four rotor brakes on each of the six main 
wheels. The L hydraulic system furnishes 
brake pressure with optional antiskid op- 
eration. The hydraulic pressure to the 
brakes is approximately 1200 psl. Should 
the L hydraulic system fall, alternate brakes 
are available. The alternate brakes operate 
from an Independent system using B hydrau- 
lic pressure with no antiskid provision. 

A small accumulator Is Incorporated in the 
normal brake system which should provide 
up to five brake applications after L and B 
hydraulic failure provided accumulator 
pressure has not been dumped by selecting 
alternate brakes. Certain types of hydrau- 
lic system failures such as a broken line 
could deplete the system fluid. Normal or 
antiskid brakes are usable if left hydraulic 
pressure is steady and above 2200 psl. Al- 
ternate brakes are used If left hydraulic 
system pressure is below this pressure. 

Broke Switch 

A three-position brake switch is located on 
the left side of the instrument panel. In the 
NORM (center) position, brake pressure 
from the L hydraulic system is available, 
but the antiskid system Is not operative. In 
the ANTISKID (up) position, the antiskid 
system Is operative. In the ALT STEER It 
BRAKE (down) position, the brakes, NWS 
and air refueling system are powered by 
the R hydraulic system If left system pres- 
sure is below 1250 psi. Power for the cir- 
cuit Is furnished by the essential dc bus. 




Do not switch to alternate brakes 
unless normal left hydraulic pres- 
sure is unavailable or normal 
brakes are Inoperative. Pressure 
may be trapped in the brakes after 
the pedals are released, causing 
grabbing or locking. 

Antl-tkld CM Indicator Light 

Illumination of the ANTI-SKID OUT indi- 
cator light on the annunciator panel indi- 
cates that the anti-skid system is inoper- 
ative. When the aircraft is on the ground, 
the light will be Illuminated when the brake 
switch Is in the NORM or ALT STEER 
BRAKE position. The light will be off when 
the switch Is in the ANTI-SKID position, if 
the anti-skid control box and wheel gen- 
erators are operative. If the fail safe cir- 
cuit within the anti-skid control box is 
tripped and power from the essential dc 
bus is on the system, the light will Illum- 
inate. The light is off at all times when the 
weight of the aircraft Is not on the gear. 

DRAG CHUTE SYSTEM 



The drag chute system is provided to re- 
duce landing roll and aborted takeoff roll 
out distance. The 45-foot ribbon type para- 
chute is packed in a deployment bag and 
stowed in the upper aft end of the fuselage. 
It rides free In the compartment and Is 
locked onto the airplane at the initial stage 
of Its deployment action. The neck of the 
drag chute link Incorporates a breakaway 
section to protect against aircraft structural 
damage if the chute Is deployed at too fast 
a speed. The chute deployment Is actuated 
electrically and power Is furnished by the 
essential dc bus. 
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COCKPIT PRESSURE ALTITUDE - 1000 FT. 



Figure 1-31 
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Prog Chute Hondle 

The drag chute deploy and jettison handle la 
located on the left edge of the Instrument 
glare shield. When polled the handle acti- 
vates micro switch os which deploys the 
drag chute. When turned 90 degrees counter- 
clockwise and pushed in, the drag chute Is 
jettisoned. Power for the circuit is furnished 
by the essential dc bu*. 

AIR CONDITIONING AND PRESSURIZATION 
SVSTTM 

Similar left and right hand air conditioning 
and pressurlzatlon systems utilize high 
pressure ninth stage compressor air from 
each engine to pressurize and cool the cock- 
pit and equipment compartments. System 
shut off valves allow compressor air to flow 
when the engines are running and the system 
switches are ON. Cooling Is accomplished 
by ducting the bleed air through a ram air 
heat exchanger, primary and secondary 
fuel/air heat exchangers, and through an 
air cycle refrigerator. Temperature of the 
air supplied by each system is modulated by 
temperature control bypass valves located 
upstream from the air cycle refrigerators. 
The bypass valves are positioned by control 
switches located In the cockpit. 

A water separator Is Installed In each air 
conditioning system downstream of the air- 
cycle refrigeration units. Below an altitude 
of approximately 36,000 feet a pressure 
switch In the automatic temperature control 
circuit limits the minimum outlet tempera- 
ture of the^alr from the air-cycle refriger- 
ation to 35 F to prevent freezing of water 
in the separator. Using the manual tem- 
perature controls will allow lower temper- 
ature air to come from the refrigerator but 
Icing of the water separator may occur If 
humidity Is high. Above 36,000 feet the 
altitude pressure switch opens the water 
separator bypass valve and air does not 
flow through the separator. 



The left engine normally furnishes air for 
the cockpit, nose compartment, ventilated 
flying suit, Inverters and INS platform. 
The right engine normally furnishes air to 
the E-bay where it mixes with cockpit dis- 
charge air for ventilation of the E-bay, 
Q-bay, and the aft equipment compartments. 
A fixed orifice restriction and a duct divid- 
ing Into two outlets provide for a portion of 
the right system air to flow to the upper 
part of the cockpit. A crossover system 
Is provided to supply right engine system 
air to the cockpit and equipment normally 
supplied by the left engine system. The 
operation of the crossover system will not 
depressurize the Q-bay since the cockpit 
air exhausts into the Q-bay; however, a 
rise in temperature will occur In the Q-bay. 
High pressure canopy and hatch seal air 
and windshield defog air is furnished from 
both right and left engine systems by ducts 
connected downstream from the primary 
fuel/air heat exchangers. 

COCKPIT COOLING AND PRESSURIZATION 

When the aircraft is at high altitude, the 
pressurization systems maintain a constant 
altitude of approximately 26,000 feet In the 
cockpit and nose and 28,000 feet In the 
Q-bay. ■ 

Cabin Preaure Schedule Switch 

The cockpit pressure schedule switch is a 
two position toggle switch labeled CABIN 
PRESS located on the lower center of the 
instrument panel. In the NORMAL (down) 
position, the cockpit and Q-bay pressuri- 
zation systems provide the normal pressure 
schedule and will maintain constant altitudes 
of 26,000 and 28,000 feet when the aircraft 
is above 32,000 feet. In the 10,000 feet (up) 
position, the cockpit pressure Is regulated 
to a 5 psi maximum differential and will 
maintain a 10,000 foot cockpit altitude up to 
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26,500 feet. The 10,000 foot position le In- 
tended for use during subsonic low altitude 
ferry flights but Is not restricted for use as 
desired during climbs, descents and high 
altitude cruise. A rate control la incor- 
porated which limits the pressure change to 
2500 ft/mln when changing schedules. 



NOTE 

During descents from high altitude, 
only the normal cockpit pressure 
schedule will provide optimum 
cockpit cooling. The 10,000 foot 
schedule will not cool the cockpit 
in descent* as well as the normal 
schedule due to increased turbine 
back pressure. 



Cockpit Air Switch 

The cockpit air switch is a three position 
switch with labeled positions of NORM (left) 
OFF (center) and EMKR (right). In the 
NORM position the left system shutoff valve 
is deenerglzed to open and the left engine 
system furnishes air to the cockpit. In the 
OFF position the left shutoff valve Is en- 
ergized to closed, shuting off the normal 
cockpit air. In the EMEB position left sys- 
tem air 1* shutoff, the crossover valve in 
the right system is energised closed and 
the right system shutoff valve ic deener- 
glzed to open and right system air is fur- 
nished to the cockpit. The circuit is 
powered by the essential dc bus. 



NOTE 

In the EMER position the Q-bay 
system switch OFF position is in- 
effective and right system air 
must be shut off by moving the 
cockpit air switch to the NORM 
position. 



Q-Boy System Switch 

The Q-bay system switch has two positions 
and U located on the upper left side of the 
Instrument panel. In the ON (up) position 
the right engine system's shutoff valve is 
deenergized to open so that right engine air 
can flow to the E-bav. If the cockpit air 
switch is In the crossover or EMER 
position this air will be ducted to the cock- 
pit and will enter the E-bay through the 
cockpit regulator valving. In the OFF posi- 
tion the shutoff valve is energized to off and 
Q-bay system air is shutoff if the cockpit 
air switch is in NORM position. The cir- 
cuit is powered by the essential dc bus. 

Ternpcrorure Control Selector Swlrchct 

Two selector switches, one for the cockpit 
and one for the Q-bay and/or emergency 
cockpit air, are installed on the upper left 
instrument panel. Each switch has four 
positions; AUTO (up), COLD (down left), 
WARM (down right) and HOLD (center). 
The switches are spring loaded to HOLD 
from the COLD and WARM positions. The 
switches will normally be in the AUTO posi- 
tion; however, the pilot can manually over- 
ride the automatic feature by moving the 
switch to either the momentary COLD or 
WARM position. The manual COLD control 
will provide colder air, if required, than 
the automatic control. The No. 1 inverter 
powers the cockpit temperature control 
system. The No. 2 inverter powers the 
Q-bay and/or emergency cockpit air tem- 
perature control system. 

T emperature Indicator Selector Switch 

A temperature Indicator selector switch 
located on the upper left Instrument panel 
allows the pilot to monitor cockpit or Q-bay 
temperature. Cockpit temperature is indi- 
cated when the switch is placed In the CKPT 
(left) position and Q-bay temperature when 
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the switch is placed In the Q-BAY (right) 
position. Power for the indicator is fur- 
nished by the essential dc bo*. 



NOTE 

Up to a point, the Insulation and 
ventilation of the pressure auit 
will keep the pilot comfortable In 
a cockpit environment that is too 
warm. The temperature indi- 
cator la provided so as to allow 
anticipation of a temperature 
condition that might eventually 
become too hot for comfort. If 
the cockpit temperature approaches 
140 , the suit will not keep the 
pilot comfortable. 

Temperature Control Rheostat} 

Two temperature control rheostats, one for 
the cockpit and one for the Q-bay and/or 
emergency cockpit air are installed on the 
upper left Instrument panel. Arrows Indi- 
cate the direction of rotation necessary to 
increase temperature. Generally, it Is 
necessary to periodically rotate the re- 
spective temperature control rheostat to- 
ward the COLD position to maintain a com- 
fortable temperature in the ventilated flying 
suit and keep the Q-bay temperature In 
tolerance. Electrical power for the cockpit 
temperature control circuits is from the 
No. 1 inverter. Q-bay and/or cockpit 
emergency air control is powered by the 
No. 2 inverter. 

Preisure Altitude Gage 

A cockpit and Q-bay pressure altitude gage 
is located on the left forward panel and In- 
dicates either cockpit or Q-bay altitude as 
selected by the cabln-Q-bay selector. 



Altitude Selector Lever 

This switch type lever is located on the 
left forward panel. It is labeled CABIN 
ALT In the up position and Q-BAY ALT in 
the down position and selects the respective 
pressure altitude to be Indicated on the 
gage. 



D«pre»url ration (Dump) Switch 

A two position lift -lock depressurlzation 
switch labeled PRESS DUMP and PRESS 
NORM is located on the upper left instru- 
ment panel. When the switch Is pulled out 
and moved to the PRESS DUMP position, 
both the cockpit and Q-bay will be depres- 
•urlzed by the opening of the safety valves. 
When moved to the PRESS NORM position 
the safety valves will close and the cockpit 
and Q-bay will repreasurUe. 




Depressurlzation and repressur- 
Ization will occur at an extremely 
rapid rate. 

Note Hotoh Seal Shutoff lever 

A nose hatch seal shutoff lever, located on 
the forward right side of the cockpit, op- 
erates the nose hatch seal shutoff valve. 
It Is normally In the ON position to allow 
• canopy seal pressure to inflate the nose 
hatch seal. In the OFF position the nose 
hatch seal Is Isolated from the canopy seal 
system. This prevents the deflation of the 
cockpit canopy seal In the event of excessive 
nose hatch seal leakage. 

Note Air Shutoff Hondle 

A nose air shutoff T -handle Is located at the 
bottom of the annunciator panel. It Is nor- 
mally In the locked ON position. The handle 
Is turned counterclockwise to unlock and 
then pulled out to shut off airflow to the 
pressurized nose compartment. 
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OXYGEN SYSTEM AND PERSONAL EQUIPMENT 

The aircraft Is equipped with dual liquid 
oxygen systems. Two liquid oxygen con- 
verters located In the right side of the nose- 
wheel well have a capacity of ten liters (2.6 
gallons) each. The liquid oxygen flows, by 
gravity, Into the pressure buildup coil and 
vaporizes because of exposure to ambient 
temperature surrounding the coils. The gas 
flows through the pressure closing portion 
of the pressure control valve and the build- 
up and gas ports of the fill valve and then 
back Into the top of the container where it 
collects and develops Into a higher pressure. 
This cycle continues until the system op- 
erating pressure is reached (80 + 2 psi) at 
which time the pressure closing "valve closes 
and stops the flow of liquid oxygen through 
the pressure buildup coll. The liquid oxy- 
gen will now flow through the check valve 
and out the converter supply port to the air- 
craft heat exchanger. During periods of 
•hut down system pressure wtU continue to 
rise because of normal liquid boll off. The 
Increase In pressure is sensed at the pres- 
sure opening valve. At 90 *_ 2 psi this valve 
opens dumping the gas back into the con- 
verter. The pressure will continue to 
slowly rise, due to boll off, until it reaches 
reflief valve opening pressure of 100 to 120 
psi. The excess pressure Is vented over- 
board through the relief valve. Two ON- 
OFF levers for the two systems are located 
on the oxygen control Installed on the left 
console. The needles on the pressure gage 
will fluctuate. Indicating oxygen flow when 
the pilot Inhales. Liquid oxygen is warmed 
and converted to gas for breathing by pass- 
ing through a heat exchanger which consists 
of additional length of tubing In the supply 
line. The low pressure gage on the oxygen 
control panel indicates a normal pressure 
of 50-100 pal. 

Liquid Oxygen Quonrlry Goge 

The liquid oxygen quantity gage is located 
on the left side of the Instrument panel. It 
Is calibrated In 1/2 liter increments from 
0 to 10. The quantity gage Is a double 
needle type and indicates the quantity of 



liquid oxygen remaining in the No. 1 or 
No. 2 systems. When visible, a red OFF 
indicator at the bottom of the gage Indicates 
the gage is not receiving power from the 
No. 1 inverter. 



Indicate* Test Switch 

A red test button labeled HMD TEST is lo- 
cated on the left side of the Instrument 
panel. When this button Is pressed the oxy- 
gen quantity gage needles will reduce indi- 
cations. As the oxygen needles approach 
the 1 liter mark the OXY LOW warning light 
will illuminate. When the button is re- 
leased the gage needles will resume their 
original position. The CIT and spike and 
forward bypass position indicators are also 
tested by this button. 



Oxygen Low Indicotlng LighH 

Two oxygen low warning lights are located 
on the pilot's annunciator paneL The lights 
are labeled NO. 1 OXY LOW and NO. 2 
OXY LOW. Each light will illuminate when 
oxygen pressure drops to 58 + 3 psi or 
when 1 liter or less remains in the system. 



EMERGENCY OXYGEN SYSTEM 

Two independent emergency oxygen systems 
are Installed In the pilot's parachute pack. 
Each system consists of a 45 cubic inch, 
2100 psi cylinder. The systems will supply 
oxygen simultaneously during bailout and 
when the aircraft oxygen systems fail. An 
oxygen line is routed around each side of 
the pilot's waist and connects to the suit 
controller valve. Emergency oxygen flow 
pressure Is slightly lower than aircraft 
system pressure. Oxygen duration of each 
emergency system is approximately 15 
minutes. 
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The emergency oxygen system la actuated 
either manually by pulling the conventional 
green apple, or automatically by the upward 
motion of the seat during ejection. The 
emergency oxygen system should be ac- 
tuated if Uie aircraft systems are not de- 
livering the desired amount of oxygen or 
hypoxia or noxious fumes arc suspected. 

FULL PRESSURE SUIT 

A full pressure suit i» provided which is 
capable of furnishing the pilot with a safe 
environment regardless of pressure condi- 
tions in the cockpit. The suit consists of 
four layers, ventilation manifold, bladder, 
link net, and heat-reflective outer garment. 
The ventilation manifold layer allows vent 
air to circulate between the pilot's under- 
wear and the bladder layer. The bladder 
provides an air-tight seal to hold pressur- 
ized air in the suit. The link net is a mesh 
which holds suit configuration in confor- 
mance with the pilot's body. The outer 
layer of heat-reflecting cloth provides some 
protection from a hot environment. Air 
pressure to the suit is regulated by a suit 
controller valve, located on the front of the 
suit just above the waist. 

Pressure Suit Ventl lotion Air 

Air for suit ventilation is provded by the 
cockpit air-conditioning system. Temper- 
ature of the ventilation air cannot be varied 
except by changing cockpit inlet air temper- 
ature. Ventilation airflow rate may be re- 
gulated by a suit flow control valve Installed 
at the hose connection point on the suit. 
Ventilation air and exhaled breathing air 
are exhausted from the suit. 



Suit Ventilation Boost Volve Lever 

The suit ventilation boost valve lever, la- 
beled SUIT VENTIL BOOST, is located on 
the left console. The lever is marked 
NORMAL (aft) and EMERG (forward). Op- 
erating the lever positions a butterfly valve 
in the cockpit air-conditioning air supply 
line in such a way as to vary the pressure 
of the air available to the suit system. In- 
creased pressure results in more air to the 
suit. Moving the lever toward EMERG 
position progressively results in more 
pressure to the suit system by constricting 
the air-conditioning airflow to the cockpit; 
in the NORMAL position (used when engine 
rpm is high) the cockpit air-conditioning 
line requires no constriction to provide 
sufficient airflow to the suit. At IDLE 
engine rpm the ventilation boost valve lever 
must be kept at 2/3 of the way from NOR- 
MAL to EMERG in order to provide suffi- 
cient air for conditioning the suit and cool- 
ing the INS platform and inverters in the 
A/C bay. During takeoff and normal flight 
the valve lever is kept in the NORMAL posi- 
tion. If the pilot suffers discomfort, such 
as might happen with a gradual climb to an 
extreme altitude or during low-rpm descents, 
the valve lever la gradually moved toward 
the EMERG position until a comfortable 
pressure'and ventilation condition is at- 
tained. The valve lever should not be 
moved toward EMERG more than necessary 
to provide pilot comfort; excessive suit 
system pressure will unduly reduce the 
available refrigeration. 



Suit Controller Valve 

All four aircraft and emergency oxygen sys- 
tem lines enter the controller valve at the 
front waist of the pressure suit. The con- 
troller valve contains a sensor that pro- 
grams airflow and oxygen to keep internal 
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suit pressure at 3.5 psi (equivalent to pres- 
sure at 35,000 ft) in the event of cockpit de- 
pressurizatlon. A press-to-test button for 
each oxygen system Is installed on the con- 
troller valve, which allows the pilot to 
check suit inflation. 



Face Pfote Heut Switc" 

A face plate heat switch is Installed on the 
right console of the cockpit. The switch has 
four positions; OFF, LOW, MED and HIGH. 
Heat may be regulated to deiog the face plate 
as required. Defogging is accomplished by 
the combination of face plate heat and oxy- 
gen flow. The face plate heater circuit is 
powered by the essential dc bus. 



HELMET 

The helmet head area is divided into two 
separate sections by & rubberized cloth face 
seal. The front area between the face and 
the face seal receives oxygen from either 
the aircraft or emergency oxygen system 
through regulators built into the helmet. 
Oxygen flows across the face plate from the 
Inhalation valves inside the helmet and ac- 
complishes some face plate defogging be- 
fore it is inhaled. The rear area receives 
vent air for helmet interior temperature 
regulation. The face seal is not positive; 
however, the pressure of the oxygen In the 
front area is slightly higher to prevent vent 
air from leaking forward. An external 
crank on the helmet is provided for head 
band adjustment. Buttons on each side of 
the helmet, when actuated, will lower the 
face plate and visor. The face plate la 
opened by moving the buttons and dumping 
the pressure, allowing the face plate to be 
rotated upward. If the aircraft or emer- 
gency oxygen supply to the helmet is inter- 
rupted or exhausted, the regulators in the 
helmet sense the drop in pressure and the 
face plate seal deflates, allowing ambient 
air to enter the helmet so the pilot will not 
suffocate. 



GLOVES 

Leather gloves fasten onto the suit at the 
wrist rings. The inner liner of the glove 
is similar to the suit inner liner and will 
retain pressure. 

BOOTS 

The sock or boot liner fastens onto the suit 
at the thigh by means of a zipper. The 
boots are made of white leather for heat re- 
flection and fit snuggly over the socks. A 
spur that fastens to the seat Is attached to 
each boot. 



OXYGEN MASK AND REGULATOR 

When permitted by appropriate regulations 
a substitute oxygen mask assembly may be 
used In place of a pressure suit for flights 
*t low or intermediate altitudes. The as- 
sembly consists of a specially designed 
oxygen mask and F2700 oxygen regulator, 
anti- suffocation valve and two oxygen per- 
sonal leads with connectors for both air- 
craft and emergency oxygen systems. In 
the event that the regulator should malfunc- 
tion or the oxygen supply is exhausted, an 
antl- suffocation valve Installed between the 
regulator and the mask will sense the drop 
in oxygen pressure and allow ambient air to 
enter the mask to prevent suffocation. 



SURVIVAL KIT 

A reinforced flberglas survival kit container 
fit* into the seat bucket and attaches to the 
parachute by snap attachments on each side. 
A door on the top provides access to the 
survival items stored inside. The kit con- 
tains standard survival items such as radio, 
flares, mirror, whistle, knife, matches, 
rations, water, compass and first aid kit. 
Various additional Items depending on the 
terrain and season may be 
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provided. The kit ia packed in a water 
proof bag attached to a 20 foot retention 
lanyard. If an overwater flight la antici- 
pated, a life raft may be stowed on top of 
the plastic bag and attached to the Lanyard. 
During ejection the life raft Inflating device 
is armed, following ejection, the survival 
kit release handle should be pulled before 
reaching the ground. This action separates 
the survival gear from the pilot and Inflates 
the life raft. The survival gear and life 
raft remain attached to the parachute harness 
by the retention lanyard. During a rapid 
abandonment of the aircraft on the ground, 
the survival kit release handle may be ueed 
to free the pilot of the survival kit (Including 
the lanyard) without Inflating the life raft. 

PARACHUTE 



A special parachute with a 35 foot canopy la 
used. The large canopy provides a normal 
descent rate with the bulky personal equip- 
ment required for high altitude flight. A 
small diameter, ribbon type stabilizing 
drogue chute is also provided. Above 
17,000 feet altitude, the drogue chute is de- 
ployed first In order to stabilize free fall 
of the pilot. The drogue is automatically 
jettisoned at 15,000 (+ 400) feet after an 
aneroid controlled opener deploys the main 
chute. Below 16,200 feet the main chute 
only deploys immediately. A manual T- 
handle la also available for opening the 
main chute. The chute pack is equipped 
with conventional quick release buckles. 
The emergency oxygen bottles are located 
between the chute canopy and the pilot's 
back. A combination hand squeezed bulb 
and manually operated pressure relief valve 
located adjacent to the suit controller ia 
used to adjust cushion pressure as desired. 
A red knob located on the left harness strap 
is connected to the parachute timer arming 
cable and is used to actuate the timer when 
bailout is marie. 



WINDSHIELD 

The windshield Is composed of two glass 
assemblies secured and sealed in a v- 
shaped titanium frame. The glass surfaces 
are coated with low reflective magnesium 
fluoride. A collapsible vision splitter is 
also Installed on the windshield center line 
to minimize reflections. 



DEFOG SYSTEM 

The windshield defog system delivers hot 
air from both right and left air systems 
through check valves to defog the windshield 
and canopy. A plastic V-shaped air duct 
runs along the lower edge of the windshield. 
Hot defog air is supplied through this duct 
when selected by a switch that is located on 
the upper left console. The air Is directed 
to the windshield through a series of holes 
on the upper surface of the duct. Holes are 
also provided at the aft endB of the duct to 
direct air toward the canopy glass. 

Defog Switch 

A three position defog switch is located at 
the forward end of the upper left console. 
When held In the momentary DEFOG IN- 
CREASE (forward) position the motor 
driven defog valve will open. Time of 
travel to full open Is approximately 7 to 13 
seconds. In the HOLD (center) position 
the valve will stop at any desired partial 
open position; In the OFF position the valve 
will completely close. The circuit Is 
powered by the essential dc bus. 

LEFT WINDSHIELD HOT AIR DE1CING SYSTEM 

Hot air Is ducted from the L & H pressurl- 
satlon supply downstream of the fuel air 
heat exchanger and upstream of the pres- 
sure regulator and air cycle refrigerator, 
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to a series of orifices located on the left 
side of the outside center windshield support. 
The system includes left and right solenoid 
shutoff valves controlled by a switch in the 
cockpit. Power Is furnished by the essen- 
tail dc bua. 



CAUTION 



3 



Do not apply rain repellent «n 
dry windshield as prolonged 
obscuration may result. 



Windshield Deice Switch ond Indicator Light 

The 3-posltlon windshield deice switch Is 
located on the upper left Instrument panel. 
In the OFF (right) position the shutoff valves 
are closed and no deiclng air is supplied. 
In the R ON (center) position the hot air is 
furnished by the right preesurlzatlon sys- 
tem and 1/2 flow is available for deiclng. 
In the LB ON (left) position both I. h R shut- 
off valves are opened and full flow Is avail- 
able to the windshield orifices. Power for 
the switch and lights Is furnished by the dc 
essential bus. 



NOTf 

. A considerable amount of air is 
used when operating the deiclng 
system in the L/R ON position. 
This may reduce the cockpit and 
Q-bay air supply when operating 
in the lower ranges of engine rpm. 

. The deicer Indicator light, located 
above the switch, will be illuminated 
at any time the deice switch la not 
In the OFF position. 

WINDSHIELD RAIN REMOVAL SYSTEM 

A rain removal system is provided for 
clearing the windshield when operating the 
aircraft In rain. It has a tank that Is pres- 
surized by air from the windshield deicer 
system and the tank is connected to a spray 
tube located on the left side of the wind- 
shield center divider. A pushbutton switch, 
located on the upper instrument panel, is 
used to spray the rain removal fluid onto 
the left windshield. Power is furnished by 
the essential dc bus. 



CANOPY 

The canopy consists of two high temper- 
ature resistant glass windows secured wlthir. 
a reinforced titanium frame which is hinged 
at the ait end of two hinge pins. Operation 
of the canopy is completely manual. Small 
holes in each side of the canopy are pro- 
vided as lifting points from the outside. Nc 
handles are provided on the Inside of the 
canopy for moving it up or down. A prop 
assembly locks the canopy in the full open 
position. The canopy is secured in the 
closed and locked position by a four hook 
interconnected latching mechanism. A ni- 
trogen boost counterbalancing system is 
provided to aid In the manual opening and 
closing of the canopy. This nitrogen is 
also used" to force water into the map case 
when the destruct system is actuated. 

NOTE 

Actuation of the destruct system 
tends to deplete the nitrogen boost 
counterbalance system and in- 
crease the manual force needed to 
open the canopy. Canopy Jetti- 
soning may be necessary for rapid 
egress. 

An internal latching handle is Installed be- 
low the right canopy sill, allowing the canopy 
to be latched from the inside. An external 
fitting located on the left side of the aircrai 
can be used to operate the latches from the 
outside. 



Changed 15 June 1968 
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The canopy should be opened or 
closed only when the aircraft la 
completely stopped. Maximum taxi 
speed with the canopy open Is 40 
knot*. Gusts or severe wind con- 
dition should be considered as a 
portion of the 40 knot limit. 

Conopy Lotch Handle 

A canopy latch handle is located under the 
right sill In the cockpit and rotates forward 
to lock. The sill trim Is cutout to expose 
the action of the locking lugs and pins a* 
the handle is rotated forward. A cam over 
center action allows the handle to remain 
only in the latched or unlatched position. 
No canopy unsafe warning light is provided. 



Canopy External Latch Control 

A flush mounted external latch fitting is 
located on the left side of the aircraft and 
permits the canopy to be opened from the 
outside. The fitting accepts a 1/2 inch 
square bar extension. Once the canopy is 
unlocked, It may be raised manually until 
the prop locks It In the open position. 



Conopy Extcrnol Jer titon Handle 

The canopy external jettison handle, located 
beneath an access panel on top of the left 
chine, permits ground rescue personnel to 
jettison the canopy. Sufficient cable length 
is provided to allow the operator to stand 
clear of the fuselage during the jettisoning 
procedure. 

Conopy Intemol Jcttiton Handle 

A canopy jettison T-handle is located on 
the left console wall adjacent to the pilot's 
leg. The handle can be used to jettison the 
canopy without initiating the seat ejection 
system. The handle is held in the stowed 
position by a lockwire and a ground safety 



pin. Storage for the canopy jettison and 
seat safety pins is provided at the forward 
end of the upper right console. Cable 
travel is approximately six Inches. 

CANOPY SEAL 

An Inflatable rubber seal is Installed in the 
edge of the canopy frame. The seal seats 
against the mating surfaces of the canopy 
sill and windshield to provide sealing for 
cockpit pressurlzation. The canopy seal 
pressurization lever above the forward 
right console operates the seal Inflation 
valve. A nose hatch seal shutoff lever is 
also provided to prevent deflation of the 
canopy seal In the event of nose hatch seal 
leakage. 

CANOPY JETTISON SEQUENCE 

The canopy jettison system is designed to 
unlatch and jettison the canopy from the 
aircraft by means of explosive Initiators 
and thruaters. The system consists of two 
Initiators which are independently actuated 
by either the ejection seat D-ring or the 
canopy jettison handle, a canopy unlatch 
thruster, a canopy removal thruster, a 
canopy seal hose cutter, cable linkage and 
gas pressure lines. Either the D-rlng 
Initiator or the canopy Initiator or the 
canopy initiator will fire the unlatch 
thruster which unlocks the canopy. This 
thruster then activates the canopy seal hose 
cutter and fires the canopy removal thruster 
which jettisons the canopy. Whenever the 
canopy Is Jettisoned by use of the canopy 
jettison handle, the canopy jettison Initiator 
gas pressure positions a seat Jettison safety 
valve to prevent Initiating the seat ejection 
sequence until the D-rlng is pulled. Pull- 
ing the D-ring jettisons the canopy as the 
initial step In the ejection sequence. 

REAR VIEW PERISCOPE 

A manually extended rear view periscope 
is mounted In the top of the canopy to enable 
the pilot to see the engine nacelles and rear 
fuselage and rudder area. The periscope, 
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normally ia locked in a fully retracted posi- 
tion. It Is moved by using the white nylon 
pad, mounted on the aft side of the viewing 
tube, as a handle. Pushing the handle to the 
left unlocks the tube, allowing the periscope 
to be extended. Then, pushing the tube up- 
ward to a sprlng-detcnted position make* 
the rear view available. Cockpit pressure 
tends to assist extension, and resists re- 
traction. The diameter of the instantaneous 
cone of view is approximately 10°; however, 
head movement extends the viewing cone to 
approximately 30° total angle. When ex- 
tended, the periscope can be rotated hori- 
zontally to move the center of the viewing 
»rc up to 10 from the aft ccnterline. The 
de-magnification ratio of the lens system Is 
1 to 0.5. 

EJECTION SEAT 

The ejection seat system utilizes an upward 
catapult and rocket thrust to provide mini- 
mum risk ejection capability at ground level 
when airspeed is at least 65 KIAS . The 
seat Incorporates an ejection ring, headrest, 
knee guardB, automatic foot retractors, 
automatic foot retention separation, a pUot- 
seat separation device, shoulder harness, 
Inertia reel lock assembly, and an auto- 
matic opening seat belt. A speed sensor 
mounted on the fuselage behind the seat 
automatically selects one of two seat se- 
paration delays, depending upon airspeed 
at ejection. (Refer to Ejection Sequence 
this section.) Quick disconnect fittings in- 
stalled on the seat rails and the floor of the 
aircraft permit disconnection of the oxygen, 
ventilated suit and electrical lines. 



Seat Vertlcol Adjutrmenr Switch 

The seat may be adjusted vertically by 
means of an electric actuator mounted on 
the lower end of the catapult. The three- 
poaitlon switch Is located on the right side 
of the seat bucket. The seat moves In the 
direction the switch is moved. Power for 
seat adjustment Is furnished by the essen- 
tial dc bus. 



Shoulder Harnett Inettio Reel Lock Lever 

A shoulder harness inertia reel lock lever 
Installed on the left side of the seat bucket 
is provided for locking and unlocking the 
shoulder harness. The lever has two posi- 
tions, LOCK and UNLOCK. Each position 
is spring loaded to hold the lever In the se- 
lected position. An inertia reel located on 
the back of the seat will maintain a constant 
tension on the shoulder straps to keep them 
from becoming slack during backward 
movement. The reel also incorporates a 
locking mechanism which will lock the 
shoulder harness when a 2 to 3 g force has 
been exerted in a forward direction. When 
the reel is locked in this manner, it will 
remain loekod until the lever is moved to 
the LOCK position and then returned to the 
UNLOCK position. 



Ejection (D) Rin g 

An ejection ring, located on the front of the 
seat bucket, is the primary control for 
ejection. An ejection safety pin is Installed 
In the ejection ring housing bracket. 

Ejection T-HondU 

The aircraft are equipped with a backup 
secondary seat ejection system. The T- 
handle for this seat ejection system Is un- 
locked and made accessible only by first 
pulling the ejection D-rlng. 



WARNING 



The ejection seat must not be fired 
by pulling the T -handle while the 
canopy is still In place. The pilot 
can not eject through the metal 
canopy. 

When the -secondary ejection T-handle is 
pulled a separate initiator flrca the seat 
catapult and seat separation and belt open- 
ing initiator. 
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EJECTION SEAT 
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Figure 1-37 
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Foot Spurt 

Foot spur*, attached to the pilot's shoes, 
are attached to the ejection scat by cables. 
Normal foot movement Is in no way re- 
stricted since the cables, under a slight 
spring tension, reel in and out freely. 
When the ejection ring is pulled, the knee 
guards rotate from their stowed position, 
the cables to the foot spurs are reeled in 
and the pilot's feet are retracted into the 
foot rests. The foot cables are automati- 
cally severed by a set of cutters as part of 
the ejection sequence. 

Monuol Coble Cutter Ring 

The ejection seat incorporates an emer- 
gency means for cutting the foot retractor 
cables. A D-ring, located to the right of 
the seat headrest, will actuate the cable 
cutters Initiator if the automatic cable cut- 
ter system fails or rapid abandonment of 
the aircraft is required on the ground. 

PI LOT -SEAT SEPARATION SYSTEM - 



The ejection seat is provided with a pilot - 
seat separation system which operates in 
conjunction with the automatic seat belt re- 
lease system. A windup reel is mounted be- 
hind the headrest, and a single nylon web is 
routed from the reel to halfway down the 
forward face of the seat back. From this 
point two separate nylon straps continue 
down, pass under the survival kit, and are 
secured to the forward seat bucket lip. 
After ejection, as the seat belt is released, 
an initiator actuates the windup reel which 
winds the webbing onto a cross- shaft, pulls 
the webbing taut, and causes the pilot to be 
separated from the scat with a sling shot 
action. 



AUTOMATIC SEAT BELT 

The ejection seat is equipped with an auto- 
matic opening seat belt which facilitates 
pilot separation from the seat following 
ejection. Belt opening is accomplished 
automatically as part of the ejection se- 
quence and requires no additional offort on 
the part of the pilot. 



SEAT BELT -PARACHUTE ATTACHMENT 

If the pilot is wearing an automatic opening 
aneroid type parachute, the parachute lan- 
yard anchor from the parachute aneroid 
must be attached to the swivel link. As the 
pilot separates from the seat, the lanyard, 
which is anchored to the belt, serves as a 
static line to arm the parachute aneroid. 
The parachute aneroid preset altitude is 
approximately 15,000 feet. 



EJECTION SEQUENCE 

Pulling the D-rlng is normally the only ac- 
tion required to Initiate pilot ejection and 
results In firing both the canopy jettison and 
ejection seat systems. All resultant actions 
will occur automatically and in a specific 
sequence as explained below. 

The D-ring cable fires the ejection se- 
quence Initiator, actuating the canopy jetti- 
son system and the leg guard thruster. The 
leg guard thruster rotates the knee guards, 
retracts the pilot's feet, activates the cable 
cutter backup Initiator and locks the shoulder 
harness. Movement of the canopy jettison 
thruster (final step In canopy jettison se- 
quence) actuates an Initiator which fires a 
0.3 second delay catapult initiator and arms 
the speed sensor. The 0.3 second delay 
assures complete canopy separation prior 
to seat ejection. Gas pressure from the 
catapult initiator fires the rocket-catapult, 
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the 4 -second neat separation delay Initiator, 
and enters the speed sensor. If airspeed is 
below 29S KIAS , the gas pressure passes 
through the speed sensor and fires the 1.0 
second delay seat separation initiator. If 
airspeed is above 302 KIAS , the pressure 
is blocked by the speed sensor. 

Initial seat movement upward on the rails 
disconnects normal oxygen, ventilated suit 
and electrical lines, and activates the emer- 
gency oxygen supply. Between 295 and 302 
KIAS either the 1 or 4 second delay may be 
experienced because of the speed sensor 
tolerance. 

Either the 1.0 second delay Initiator (below 
295 KIAS) or the 4- second delay Initiator 
(above 302 KIAS ) actuates the cable cutters, 
releases the pilot's feet, opens the seat 
belt and fires the seat separation system. 



A static line attached to the seat belt Is 
pulled as the pilot separates from the seat 
and activates the automatic parachute se- 
quence. 

If the normal D-rlng ejection sequence was 
not accomplished, the canopy must be jetti- 
soned either by use of the canopy jettison 
system or manually. Pulling the T-handle 
initiates the secondary seat ejection se- 
quence. 



CAUTION 



The T-handle backup ejection 
sequence does not rotate the knee 
guards nor retract the foot cables. 
Seat separation delay time will be 
4 seconds regardless of airspeed. 
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PREPARATION FOR FLIGHT 




TAKEOFF AND LANDING DATA 




FLIGHT RESTRICTIONS 




Refer to Appondix I for Takeoff an 


4 



Refer to Section V for Operating Restric- 
tions and Limitations'. 



FLIGHT PLANNING 
P efer to Appendix I. 



Landing Information. 



WEIGHT AND BALANCE 

Refer to Section V for Weight and Balance 
Limitations. For detailed loading infor- 
mation, refer to Handbook of Weight and 
Balance Data. Before each flight, check 
takeoff and anticipated landing gross 
weights and weight and balance clearance 
(Form 365F). 
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AIRCRAFT STATUS 

Refer to Form 781 for engineering, ser- 
vicing, and equipment status. 

EXTERIOR INSPECTION 

It is not practical for the pilot to perform 
an exterior inspection while wearing a pres- 
sure suit. Tho exterior Inspection should 
be accomplished by other qualified per- 
sonnel. 



PREFLIGHT CHECK 



ENTRANCE 

A Udder platform stand which overhangs 
the chine is used to gain entrance to the 
cockpit. The canopy is unlatched exter- 
nally by rotating the external canopy con- 
trol clockwise with an L-shaped 1/2 Inch 
square bar. The canopy Is manually raised 
to the full open latched position. 

BEFORE ENTERING COCKPIT 

1. Manual cable cutter ring - Secure. 

2. Ejection seat and canopy safety pins 
installed - Check. 

INTERIOR CHECK 

1. All circuit breakers - In. 

2. Foot retractors - Attach. 

3. Throttles - OFF. 

4. Landing gear lever - DOWN. 



-12 

5. Battery switch - EXT PWR. 

6. Accomplish and check personal equip- 
ment hookup. (Hookup will be per- 
formed by personal equipment per- 
sonnel). Refer to figure 2-1. 

7. Suit vent boost lever - Set at 2/3 lever 
travel. 

Left Console 

1. IFF - ON. Set to proper mode and 
code. 

2. Panel and Instrument lights switches - 
As desired. 

3. COMM selector switch - UHF. 

4. External light selector switch - OFF. 

5. Defog switch - OFF. 

6. HF radio - OFF. 

7. UHF radio - OFF. 

8. Throttle friction lever - As desired. 

9. TEB counter - Check 12. 

10, Aft bypass switches - Both CLOSED. 

Instrument Panel 

1. Cabin Q-bay altitude selector lever - 
CABIN. 

2- Landing and taxi light switch - OFF. 

3. Brake switch - ANTI-SKID. 

4. Cockpit temperature switch - AUTO. 

5. Q-bay temperature switch - AUTO. 

6. O-bay air switch - ON. 
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7. Cockpit and Q-bay auto temperature 
rheostats - As desired. 

8. Cockpit and Q-bay temperature Indi- 
cator switch - Q-BAY. 

9. Cockpit air switch - ON. 

10. Pressure dump switch - OKK. 

11. Drag chute handle - Stowed. 

12. WLndshleld deicer switch - OFF. 

13. Clocks - Check. 

14. Compressor Inlet temperature gage - 
Check needles together and indicating 
ambient temperature. 

15. Igniter purge switch - OFF (down). 

16. Compressor inlet static pressure gage 
Check needles together and indicating 
barometric pressure. 

17. TDI - Check for proper Indication. 

18. Altimeter - Set. 

19. Periscope MLR SEL handle - Full for- 
ward - (Projector). 

20. Fuel derlchment arming switch - OFF. 

21. Restart switches - OFF. 

22. Spike knobs - AUTO. 

23. Inlet air forward bypass knobs - AUTO. 

24. Emergency fuel shutoff switches - 
Fuel On (guards down). 

25. Cockpit pressure schedule switch - As 

desired. 



26. Spike and forward bypass position in- 
dicators - Check. 

27. Fuel transfer switch - OFF (guard 
down). 

28. Fuel dump switch - OFF (guard down). 

29. ILS receiver - OFF. 

30. Air refuel switch - OFF. 

31. Destruct switch - OFF (guard down). 



Right C< 



3\( 



1. 

z. 

3. 
4. 
s. 
6. 



8. 
9. 

10. 



Nose hatch seal pressure lever - ON. 

Pitot pressure selector lever - 
NORMAL. 

Canopy seal pressure lever - OFF. 

Stability augmentation switches - OFF. 

Autopilot switches - OFF. 

Inertia! navigation system panel - As 
required. 

Autopilot and attitudo reference selector 
switch - As desired. 

BDHI needle selector switch - TACAN. . 

TACAN switches - T/R and tuned to 
desired station. 



ADF receiver switch - ANT. 

11. Floodlight switch - As desired. 

12. Face plate heat switch - As desired. 
13. 



Flight reference System (FRS) compass 
•eUct switch - MAG. 



14. 



OFF 



^]and SIP power switches 
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Lower Irntrumcnt Panel 



1. Surface limit release handle - Pulled 
out. 

2. Pilot heat switch - OFF. 

3. Hydraulic reserve oil switch - OFF 
. (guard down). 

■4. Trim power switch - ON. 

5. Nose air conditioning handle - Stowed. 

6. Backup pitch damper switch - OFF 
(guard down). 

7. Pitch logic override switch - OFF 
(guard down). 

8. Yaw logic override switch - OFF 
(guard down). 

9. Gear release handle - Stowed. 



EQUIPMENT FUNCTION CHECK 

1. Inverter switches - NORM. 

2. N 2 and tank lights switch - Test. 

a. N2 quantity indicators should 
decrease to ioro. 

b. N QTY LOW warning light should 
illlumlnate. 

3. Crossfeed and boost pump switches - 
Press lights on. 

4. Pump release switch - PUMP REL, 
then release. 

5. Tank boost pumps - Check I, 2 and 6 
TANK lights on (automatic sequencing). 

6. Crossfeed switch - Press (check light 
off). 



7. Fuel quantity indicating system - 
Check. 

a. Individual (1, 2, 3, 4, 5 and 6) 
tank quantities - Check. 

b. Total fuel quantity - Check. 

8. Gear and warning lights test switch - 
Press. 

a. All warning and fire lights should 
illuminate. 

b. Landing gear unsafe warning horn 
should sound. 

9. TND TEST button - Press. 

a. Oxygen quantity needles will move 
to below 0. 

b. CIT Indicator will decrease to- 
ward zero. 

c. Spike and forward bypass position 
indicators increase to maximum 
forward indication on spike and 
maximum open on forward bypass. 

10. Headset plug and oxygen mask - Connect 
(if pressure suit is not used). 

11. No. 1 and No. 2 oxygen systems - ON 
(if pressure suit is not used). Check 
system pressures. 

12. Tape and flight recorders - ON. 



STARTING ENGINES 



CAUTION 



Before starting an engine, deter- 
mine that the wheels are firmly 
chocked since brakes are in- 
operable until hydraulic pressure 
is available and no parking brake 
is installed. 
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. Determine that Intake and exhaust 
area* are clear of personnel and 
ground equipment. The ground 
personnel using Interphone com- 
munication equipment will be In 
position to observe the exhaust 
nozzle and nacelle inspection 
panels during starting. 

. Do not move the control stick 
until at least 1500 psi hydraulic 
pressure can be maintained on 
the A or B system gages or a 
control system inspection will 
be necessary. 

1. Check with INS crew prior to storting 

~ SB. 



2. Fuel low pressure lights - Off. 

3. Engine instruments - Check. 

4. Ground startln R unit - Instruct ground 
crew to rotate engine for start. 

5. Throttle - IDLE when rpm is Indicated. 

6. Fuel flow - Check 1500-2000 pph. 

7. Engine light up will be Indicated in ap- 
proximately 15 seconds by a continuous 
rpm increase and by a rise In EGT. 

8. EGT - Check for 540°C 
acceleration. 



during 



If engine does not accelerate 
smoothly to 3550-3650 rpm, re- 
tard throttle to OFF and then 
quickly advance to IDLE. This 
"double clutching" momentarily 
leans the /uel:air mixture and 
properly positions the flame 
front In the burner cans. Count 
as another TEB shot. 



9. Ground starting unit - Signal ground 
crew for starter OFF at 3200-3300 
rpm. 



10. Idle rpm - Check 3550-3650 



rpm. 



NOTE 



Idle rpm increases 50 rpm per °C 
above 32°C (90°r). 

11. Engine and hydraulic pressure instru- 
ments - Check normal. 

a. Fuel flow - Check (approximately 
3300 pounds per hour). 

b. EGT - Check (350°-540°C). 

c. Oil pressure indicator - Check. 



CAUTION 



Discontinue start if oil pressure 
rise Is not observed within 60 
seconds from start of rotation. 



d. Hydraulic system 



pressures 



12. UHF awitch - BOTH. 

13. Start other engine using above proce- 
dure. 



14. TEB 



er - Check. 



If throttle is inadvertently retarded 
to OFF do not advance In an attempt 
to restart engine. In case of false 
start use engine clearing procedures, 
this section. Afterburner duct 
must be visually checked and un- 
burned fuel removed prior to at- 
tempting another start. 
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CLEARING ENGINE 

When a false start occurs, trapped fuel and 
fuel vapor may be removed from engine by 
using the following procedure: 

1. Throttle - OFF. 

i. Ground starting unit - ON for approxi- 
mately 1 minute. Then signal ground 
crew for ground starting unit - OFF, 

Do not rotate the engine with fuel 
shut off (Emergency Fuel Shutoff 
•witch - UP, Guard up) except In 
case of emergency, because damage 
to the engine may result. 

BEFORE TAXIING 

1. UHF and IFF/SIF - Check. 

2. IFF - As required. 

3. Generator switches - BESET (mo- 
mentary) at Idle rpm. Check with INS 
crew prior to resetting. 

4. Battery switch - BAT (within 3 sec- 
onds). 

5. Generator out lights - Check Off. 

NOTE 

If the generator out warning 
lights fail to extinguish, return 
the battery switch to the EXT 
PWB position and repeat steps 
3 and 4 above. 

6. INS DE5T/FK switch - VARIABLE 
DEST. 



7. INS mode switch - NAV. Check with 
INS crew prior to actuating switch. 
Press the STORE button and check 
BDHI No. 2 steering needle for 10° 
right indication and Distance To Go in- 
dicator for 1Z2 nautical mile readout. 

8. INS indications - Report Destination 
Coordinates, Distance To Go and 
Groundspeed when slewing is completed. 

9. INS DEST /FIX switch - Select VARI- 
ABLE FDC and press STORE button. 
Check INS FIX REJECT light on. 

10. INS DEST/FDC switch - Select VARI- 
ABLE DEST and press STORE button. 
Check INS FEX REJECT light off. 

1 1. INS umbilical cord - Check discon- 
nected (confirmed by INS crew). 

12. External power - Signal for disconnect. 

13. Inlet air forward bypass - Check open. 
Ground crew will confirm open. 

14. HF radio - ON. 

15. SAS channel switches - All ON. 

16. SAS recycle lights - Press (all lights 
•hould go out). 

17. SAS light test switch - Press (all lights 
•hould illuminate). 

18. Autopilot pitch and roll engage »wltches- 
ON. 

19. Autopilot disengage switch (control 
stick)- Press. Check that autopilot 
disengage*. 

20. SAS channel switches - OFF. Pitch and 
yaw A and B and Roll disengage lights 
illuminate. Both MON lights must stay 
out. 
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21. Surface trim - Check for proper oper- 
ation with ground crew and set to zero. 

22. Control system - Check for proper di- 
rection of movement. Individually 
check each axis in both directions and 
have ground personnel verify proper 
deflection of control surfaces. 

23. Package switches - As required. 

24. Canopy and seat safety pins - Remove 



25. Canopy - Close and lock. 

26. Canopy seal pressure lever - ON. 



c 



CAUTION 



The canopy should be opened or 
closed only when the aircraft is 
completely stopped. Maximum 
taxi speed with the canopy open is 
approximately 40 knots. Gust or 
severe wind conditions should be 
considered as a portion of the 
40 knot limit taxi speed. 

27. Bear view periscope - Check. 

28. Taxi clearance - Obtain clearance 
from control tower. 

29. Chocks and downlock pine - Signal for 
removal. Observe ground crew for 
clearance to taxi. 

30. Nosewheel steering - Engage and check 
operation. 



TAXIING 



1. Brakes - Check. 



WARNING 



Do not switch to alternate brakes 
with both L it R hydraulic systems 
operative. 



2. 
3. 



Flight instruments - Check. 

Navigation equipment - Check operation 
of ADF, TACAN, and INS. 



HWSW I 



J 



All taxiing and turns should be ac- 
complished at slow speeds so as 
to limit side loads on the landing 
gear. Fast taxiing should also be 
avoided to prevent excessive brake 
and tire heating and wear. 



BEFORE TAKEOFF 

1. Engine trim - As required. 



If engine trim run is required, EGT 
values appropriate for ambient 
temperature will be supplied during 
preparation for flight. 

During trim run at Military rpm: 

2. Cockpit and CNbay auto temp controls - 
Adjust if necessary. 



Adjust both controls toward In- 
creasing temperature positions if 
necessary, to eliminate cockpit 
fog if fog is encountered at lower 
temperature settings. 12:00 to 
1:00 o'clock settings are normally 
sufficient. Lower temperature 
settings are desirable when local 
humidity and ambient temperature 
conditions permit, in order to 
assure personal and equipment 
cooling. 
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3. 
4. 

5. 

6. 
7. 



9. 
10. 

n. 

12. 
13. 

14. 

15. 



SAS channel .witches - All ON. 

SAS recycle lights - Press, If necessary 
(lights should go out). 

Surface trim Indicators - Check for 
zero setting. 



Tanks 1, 2 



6 - Check ON. 



INS - Check and fix as required. At 
designated runway position, select cor- 
rect STORED FIX position and fix. 
Check INS FIX REJECT light off. 
Select STORED MAN. Reset DEST/FIX 
briefed Initial destination position, and 
■tore. Check distance to go after slew- 
ing completed, then reset DEST FIX to 
STORED AUTO if desired. 

Compasses - Check. Check and syn- 
chronize FRS and check INS if appli- 
cable. Return INS mode selector switch 
to desired position. Check Standby 
Compass against runway heading. 

Pitot heat switch - ON. 

Warning lights - All Off. 

External lights switch - BCN (if re- 
quired). 

Shoulder harness - Lock. 

Flight controls - Cycle and check hy- 
draulic pressures. 

Suit vent boost lever - NORM. 

power switch - ON and 



checked. 

Fuel derlch arming switch - ARM. 
Elapsed time clock - Start. 



TAKEOFF 

1. Brakes - Hold. 

2. Nosewheel steering - Engaged. 

3. Throttles - Advance. 



[ CAUTION | 



Engine turbine life can be ap- 
preciably decreased by too rapid 
throttle movement. The time 
for throttle advancement from 
IDLE to MILITARY should be no 
less than one second. 



4. Brakes - Release at 6000 rpm. 

E 



CAUTION 



J 



The tires may skid if the brakes 
are held on at high thrust. 

5. Engine instruments - Check at MILI- 
TARY thrust. 

a. Tachometer. 

b. Nozzle Position. 

c. Oil Pressure. 

6. Throttles - Advance to afterburner mid- 
range position after engines reach 
MILITARY rpm. 



WARNING 



] 



To prevent overspeed, afterburner 
Ignition must not be accomplished 
before the engines reach MILITARY 
rpm. 
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TAKEOFF 

NOTE 

ENGINE INSTRUMENT CHECKS SHOIXO 
BE MADE DURING THE INITIAL PORTION 
Of TAKEOFF ROU. 



THE TIRES MAY SKID WITH THE BRAKES 
ON AT H| OH ENGINE THRUST 

w 
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. Afterburner ignition should occur 
within 3 seconds. 

. Abort the takeoff if one or both 
afterburners do not ignite. 

Advancing the power lever to initiate 
afterburning result* in momentary 
nozale excursion, and engine transient 
speed oscillation may approach 250 
rpm. 

7. Throttles - Advance to MAXIMUM 
THRUST. 

1l . ..»«. J 

The time for throttle advancement 
should be no leas than one second. 

8. Engine instruments - Recheck at MAX- 
IMUM THRUST. 



NOTE 

Exact readouts on these instru- 
ments is time consuming. The 
readout should be anticipated and 
needle position chocked against a 
clock position. If there Is any in- 
dication of improper engine per- 
formance during power advance- 
ment, the takeoff should be aborted. 
Monitor ground run distance and 
airspeed during the takeoff roll. Ii 
possible, any abort decision should 

be made before the aircraft has 
reached high ground speed. Direc- 
tional control can be maintained 
with nosewheel steering up to nose- 
wheel lift off speed. 



9. Acceleration - Check indicated air- 
speed against computed acceleration 
check speed at selected acceleration 
check distance. Refer to performance 
data, Appendix I. for takeoff Infor- 
mation. 

10. Rotation - Begin at computed airspeed 
approximately five seconds before 
reaching takeoff speed. Apply smooth, 
constant back pressure on the stick so 
that required stick deflection and rota- 
tion to takeoff attitude occurs at take- 
off speed. Refer to Appendix I for ro- 
tation and takeoff speeds. 

NOT! 

Use indicated airspeed during 
takeoff and climb until proper 
climb schedule speed is reached 
on the triple display Indicator. 

CROSSWIND TAKEOFF 

During crosswind takeoffs the aircraft tends 
to weather vane Into the wind. This will be 
noted when the nosewheel lifts off and noie- 
wheel steering la no longer available. Rud- 
der pressure must be held to counteract the 
crosswind effect. A definite correction 
must be made as the aircraft breaks ground. 
Apply lateral control as necessary for wings 
level flight. Both the directional and lateral 
control applications are normal and no pro- 
blems should be encountered when taking off 
during reasonable crosswind conditions. 



ROTATION TECHNIQUE 

During takeoff, the maximum load on the 
main wheel tires occurs during rotation to 
takeoff attitude. 



2-13 



SECTION II 



A-12 




2-14 



Figure 2-4 



A-12 



SECTION II 




Avoid abrupt rotation sines thin 
can impose an excessive load on 
the tires and cause blowouts. 

In general, the tires are more critical dur- 
ing takeoff than at landing because of the 
higher ground speeds and gross weights In- 
volved. Wing lift quickly relieves the gear 
load as the noae Is raised. Start rotation 
approximately five seconds before reach- 
ing the scheduled takeoff airspeed. Pre- 
mature nosewheel lift off should be avoided 
because the unnecessary drag extends the 
ground run. Delayed rotation also extends 
the ground run and may result in excessive 
tire speed*. 



AFTER TAKEOFF 

When definitely airborne: 

1. Landing gear lever - UP. 

NOTE 

The gear will retract in approxi- 
mately 12 second*. Observe 
landing gear limit speed while 
gear i* extended. 



WARNING 



Single engine operation is critical 
immediately after takeoff. In- 
creasing airspeed and decreasing 
angle of attack ha* greater bene- 
fit* than gaining altitude at a 
maximum rate. 

After gear retraction 1* complete: 
2. Throttle* - Climb power. 



Minimum afterburning is normally set 
after takeoff. When flight plan deviates 
from normal climb procedure, main- 
tain maximum afterburning or reduce 
power in accordance with alternate 
plan. 

3. Engine instruments - Check. 
At Mach 0.5: 

4. Surface limiter release handle - Engag< 

Rotate handle counterclockwise and 
stow to engage limlters. Check SURF 
LIMIT warning light off to confirm en- 

5. Air«peed - Establish climb schedule. 
For normal operation: 

a. 400 KEAS while below FL 200. 

b. Mach 0.9 while subsonic above 
FL 200. 

6. Altimeter - Set to 29.92" Hg at FL 180. 
Above FL 200, with CIT 5° to 15°C: 

7. EGT trim - Check 815°+ 25°C. 



NORMAL CLIMB 

The normal climb procedure optimise* 
power and airspeed schedules for supersonl 
range and is applicable to climb* after take- 
off or air refueling. Use of alternate pro- 
cedure* is permitted, but results in de- 
graded supersonic range capability. The 
general technique for airspeed and power 
scheduling la as follows: 

a. After takeoff , accelerate to 400 KEAS 
in a climbing flight path, then climb 
with minimum afterburning at 400 
KEAS. Intercept Mach 0.9 at approx- 
imately 20,000 feet and readjust climb 
attitude to hold 0.9 to 0.95 Mach numbei 
The autopilot KEAS Hold and Mach Hold 
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feature* may be used for this climb 
phase. Adjust throttles to maximum 
afterburning at approximately 32,000 
feet. 

b. After refueling , act maximum after- 
burning power and accelerate to inter- 
cept 0.9 Mach number, then climb at 
0.90 to 0.95 Mach number. When the 
autopilot Mach Hold feature is used, 
engage Mach Hold at Mach 0.93. 

c. At FL. 380 , level out momentarily, dis- 
engage the autopilot, and push over at 
approximately 0.8 g's. Establish a 
6000 fpm to 9000 fpm rate of descent. 
Accelerate toward 450 KEAS. Plan this 
maneuver so as to avoid turns while 
below Mach 1.15. 



NOTE 

It is most Important to exceed Mach 
1.05 early In the descent, and to at- 
tain Mach 1.15 before starting the 
pull-out with sufficient airspeed mar- 
gin so as not to exceed 450 KEAS. 

The 37, 000 ft. to 39, 000 ft. maximum alti- 
tude band is optimum for a wide range of 
ambient temperatures when rates of des- 
cent of 6000 fpm to 9000 fpm are used. 
39,000 ft. and 9000 fpm may be favored with 
tropic hot day temperatures. 37,000 ft. and 
6000 fpm may be used with good results 
when ambient temperatures are below 
standard. 

NOTE 

When possible, check EGT trim be- 
fore starting the transonic accel- 
eration maneuver. Abnormally low 
EGT degrades performance. 



d. After Mach 1.15 i* attained, approxi- 
mately 435 KEAS, start a smooth 
round-out so as not to exceed 450 KEAS. 
A peak load factor of up to 1-1/2 g's 
may be required as level attitude is ap- 
proached. Climb at 450 KEAS, using 
the autopilot KEAS Hold feature as de- 
sired. 

e. At Mach 1.5. reduce power to obtain a 
fuel flow reduction of 6000 to 8000 
pounds per hour per engine. Maintain 
450 KEAS to Mach 2.6. 

I. At Mach 2.6, approximately 60,800 ft. , 
Increase power to maximum after- 
burning and begin decreasing airspeed 
10 KEAS per 0.1 Mach increase. If en- 
gaged, the autopilot KEAS Hold feature 
accomplishes the speed decrease auto- 
matically. 

g. As cruise Mach number and/or initial 
cruise altitude are approached, reduce 
power so as to end the climb and start 
cruise climb as briefed. 

The following procedure is recommended 
after air refueling or when the after takeoff 
procedures are completed: 

After refueling, or at FL 320 after takeoff: 

1. Throttles - Maximum afterburning. 

2. Airspeed - Mach 0.93. 

Mach Hold may be used if desired. 

3. Cockpit and Q-bay auto temp controls - 
Adjust to individual settings as required. 

4. HF radio and[~~ ~1 Check as briefed. 



NOTE 
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5. EOT trim - Check. 



art,!- 


653C 


r 4/. 3 


6 S00 


6200 


6100 

630 


6000 


EGT** 


800 


7 50 


710 


670 


590 


CIT 


0 


-10 


-18 


-27 


-36 


-45 



* Allowable rpm vs CIT tolerance is +_ 150 
rpm. 

•* Normal EGT is in °C ♦ 25°C. 



Use above tabic, or base trim check on in- 
formation supplied by tanker while refueling. 

At FL 380: 

6. Airspeed - Start transonic acceleration 
to 450 KEAS. 

Disengage autopilot and establish 6000 
fpm to 9000 fpm rate of descent. After 
Mach 1.15 attained, round-out to super- 
sonic climb speed. Do not exceed 450 
KEAS. 

At Mach 1.3: 

7. Oscillograph switches - ON as briefed. 
At Mach 1.5: 

8. Throttles - Reduce fuel flow 6000-8000 
pph per engine. 

At Mach 1.7: 

9. Aft bypass controls - Set both to B 
position (50% open). 



NOTE 

At approximately Mach 2.3 (CIT 
150 to 190°C. ) there will be a 
slight but noticeable yaw as the 
compressor bypass bleeds open 
If the left and right engines do not 
operate on exactly the »mc 
schedule. 



10. Pitot heat switch - OFF below FL 600. 



NOTf 

The PITOT HEAT warning light will 
Illuminate if pitot heat is left on 
above FL 600 while climbing. 

11. IFF/SIF controls - As briefed at 
FL 600. 

12. Beacon and fuselage lights - Off above 
FL 600. 

At Mach 2.6: 

13. Throttles - Maximum afterburning. 

14. KEAS - Checked. 

Decrease KEAS 10 knots per 0.1 Mach 
number Increase in speed above Mach 
2.6. The KEAS Hold function of the 
autopilot should maintain this schedule 
automatically if engaged. 



Mach No. 


2.6 


2.7 


2.8 


2.9 


3.0 


3.1 


3.2 


KEAS 


450 


440 


430 


420 


41C 


400 


390 



At Mach 2.7: 



15. Aft bypass controls - Set both to A 
position (15% open). 

At Mach 3.0: 

16. Aft bypass controls - Set both to 
CLOSED position. 

Reduce equivalent airspeeds if climb Is to 
be continued after reaching the desired 
Mach number. 

Desired supersonic speeds may be main- 
tained by throttling to partial afterburning 
settings. Maintain EGT by use of trim 
switches. 



17. Oscillograph switches - OFF or as 
briefed. 
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ALTERNATE CLIMB 

Deviations from Normal Climb procedures 
are permitted when limitations of Section V 
are observed. Maximum Thrust may be 
used continuously, but fuel economy will be 
less than for normal climb procedures. 
See figure 2-4. The recommended Military 
Thrust climb speed is a constant 300 KEAS. 
ECT can be expected to decrease as CIT 
decreases. The recommended Maximum 
Thrust climb speed for subsonic operation 
la 350 KEAS to approximately FL. 260, and 
Mach 0.9 above that altitude. When Maxi- 
mum Thrust la used continuously after 
takeoff, a definite rotation la required to 
establish initial climb attitude. Begin ro- 
tation sufficiently in advance of reaching 
the climb speed schedule to avoid overshoot. 
Refer to Appendix I for climb performance. 



TRANSONIC OPERATION 

Transonic accelerations can be started by 
using the 450 KEAS climb speed schedule, 
starting at approximately 15,000 feet, or by 
making a level transonic acceleration at an 
altitude between 25,000 and 30,000 feet. 



Climbing Accelerotion Procedure 

When this procedure Is used, accelerate 
from takeoff to 350 - 370 KEAS and rotate 
to climb attitude. 



NOTE 

Begin the rotation sufficiently in 
advance of reaching climb speed to 
avoid exceeding 400 KEAS. If ro- 
tation is delayed. It Is possible to 
overshoot the airspeed by an ap- 
preciable amount. 



Establish 450 KEAS at approximately 15.000 
feet and climb at this speed using maximum 
afterburning thrust. Mach number will in- 
crease with altitude and Mach 1.0 will be 
reached at 20,000 feet. 



CRUI5L 

Observe limitations of Section V. 

Center of gravity control is important for 
optimum cruise performance. Fuel load 
distribution and automatic tank sequencing 
provides a forward eg for takeoff and Initial 
climb. During supersonic climb and cruise, 
automatic sequencing provides an aft eg to 
minimize el e von deflection and resulting 
trim drag. Supplemental manual control of 
fuel usage Is also possible, but should only 
be used In the event of malfunction of the 
automatic sequencing system. 

i, ». 

| CAUTION 



Spike and forward bypass knobs 
must be in AUTO position when 
cruising above 80,000 feet. 

For long range operation, establish a 
throttle setting for the applicable cruise 
KEAS /altitude weight schedule; then only 
make minor adjustments as necessary to 
maintain the schedule. 



ENGINE OPERATION 

Exhaust gas temperature and engine speed 
limits vary with CIT. Refer to Engine Op- 
erating Limits, Section V, for limit sched- 
ule. 
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As Mach number is increased, 
caution is required in the rate of 
throttle movement following 
afterburner ignition and during 
afterburner shutdown. 



Oil Pressure ond Temperature 

Oil pressure should be monitored closely. 
Mach number should be reduced If pressure 
does not remain within the limits listed in 
Section V or if the oil temperature warning 
light illuminate*. 

PRIOR TO DESCENT 

Retrimming of EOT should not be required 
prior to start of descent unless manual up- 
trlmming has been accomplished during 
climb or cruise. The amount of downtrim 
required will be approximately equal to the 
total prior uptrlm. Pilot judgement must 
govern its use. As a general rule, 755 C 
EOT ac start of deceleration should prevent 
overtemperature conditions and provide 
normal engine operation at lower Mach num- 
bers. Retrim if necessary and accomplish 
the following before descending in order to 
obtain scheduled descent distance. 

1. Throttles - Slowly retard to minimum 
afterburning position. 

2. Spike knobs - Check AUTO. 

3. Inlet air aft bypass switches - Check 
normal schedule. 

4. Inlet air forward bypass knobs - Check 
AUTO. 



DESCENT 

Aircraft deceleration rates are limited by 
maximum tolerable temperature transients 
within the engines. Engine cooling rates 
will be satisfactory when deceleration rate 
is not greater than prescribed in Soction V. 
U»c of Military Thrust and a speed schedule 
of 300 KEAS during deceleration to Mach 
2.5 satisfies this requirement when the 
spikes are set in AUTO. Descents can be 
made at engine speeds below the Military 
rpm schedule between Mach 2.5 and Mach 
1.0. Throttles may be set as desired at 
subsonic speeds. 



WARNING 



Monitor fuel tank pressure during 
descent, and reduce rate of de- 
scent If necessary in order to 
maintain positive fuel tank pres- 
sure. 

A high descent rate below FL 500 can ex- 
ceed the IMz system ability to pressurize 
the fuel tanks. Negative pressure allows 
atmospheric oxygen to enter the tanks 
through the vacuum relief valve. If fuel 
vapor temperature in the tanks is high, 
above approximately 410 F (or 210 C), and 
tank internal pressure is equivalent to 
30,000 feet pressure altitude, or less, mix- 
ture with a critical percentage of oxygen 
can result In fuel vapor Ignition. 

NORMAL DESCENTS 

In the event of Inlet roughness set the for- 
ward bypass doors open, then set the spikes 
forward and Increase rpm If necessary. 
Refer to appendix for normal descent per- 
formance, and for performance with for- 
ward bypass open. 
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1. Throttle* - MILITARY. 
At Mach 3. 0: 

2. Aft bypass switches - Position A. 

3. EOT trim - Down trim if required. 

4. Airspeed - Adjust to 300 KEAS. Main- 
tain cruise altitude until 300 KEAS is 
intercepted. Rate of deceleration must 

eed allowable Mach rate. 



5. Fuel tank pressure - Check. 
At Mach 2.7: 

6. Aft bypass switches - Position B. 
At Mach 2.5: 

7. Throttles - Adjust to 6800 rpm. Main- 
tain at least 6500 rpm while above 
Mach 2.0. 



At Mach 1.7: 

12. Aft bypass switches - CLOSED. 
At Mach L.S1 

13. RPM - Check 6000 or above. 

Maintain at least 5500 during remalneei 
of descent to subsonic speed. 

Below Mach 1.0: 

14. Throttles - Adjust as required. Rate 
of descent must not result in negative 
fuel tank pressure. Avoid speed be- 
low 5100 rpm to prevent cycling of 
engine start bleed valves. 

15. Airspeed - Adjust as desired. 

16. Forward bypass - Check closed indi- 



17. 



Defog switch - ON and HOLD if re- 
required. 



Set forward bypass open, spikes 
forward and increase rpm as 
required if inlet roughness ie 



8. IFF/S1F controls - As briefed at FL 
600. 

9. INS mode switch - FRS. 
10. Pitot heat switch - ON. 



The PITOT HEAT warning light 
will illuminate if pilot heat is 
left off below FL 500 while de- 



1 1. External lights switch - As desired. 



At FL 180: 

18. Altimeter - Set. 

19. Use pitot static system for descent. 
AIR REFUELING PROCEDURES 



of two methods of handling power dur 
ing refueling may be used. Whenever the 
initial fuel quantity remaining is over ap- 
proximately 15,000 pounds It is possible to 
use minimum afterburning on one engine 
and less than Military thrust on the other. 
This allows refueling to be accomplished &t 
a constant altitude of approximately 32,000 
feet, using the non-afterburning engine for 
thrust control. Normally or when at light 
weight, the Initial contact should be made 
using non-afterburning power settings. One 
afterburner should then be lighted after 
temporarily disconnecting when the alrcra/t 



Changed 15 June 1968 
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AIR REFUELING DIRECTOR LIGHTS 




Figure 2-6 
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Figure 2-7 
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becomes power limited at Military thrust. 
The conventional procedure of completing 
refueling without use of an afterburner can 
also be used; however, a toboggan to ap- 
proximately 25,000 feet will be necessary 
after the tanks are filled to 1/2 to 2/3 ca- 
pacity. 

Prior to air refueling, stabilize and trim at 
refueling speed for contact. Observe the 
tanker for director light signals and a man- 
euver as directed by the lights. A success- 
ful connection is confirmed by a mild jolt to 
the aircraft, steady Illumination of the di- 
rector light panel and the extinguishing of 
the READY light. Slight maneuvering may 
be necessary at this point to illuminate the 
azimuth and elevation neutral lights during 
fuel transfer. Contact can be maintained 
between the aircraft and tanker during a 
turn or in a descent. No adverse flight 
characteristics are present due to tanker 
downwash. After the disconnect occurs, 
separation is made down and to the rear of 
the tinker. 

PRIOR TO REFUELING 

Accomplish the following prior to refueling: 

1. Radar beacon - As briefed. 

2. Air refuel switch - READY. 

MM 

Amplifier requires up to approxi- 
mately five minutes for warmup. 

3. Forward transfer switch - TRANS 
(Transfer 2000-4000 lbs). 

CAUTION 

If less than a full fuel load is on- 
loaded, it is possible for an abnor- 
mal aft e.g. to develop. 

4. Fuel quantity indicator selector - 
TOTAL. Monitor total fuel quantity. 

5. Seat - Lower. 



When In observation position after rendez- 
vous with tanker. 

6. UHF radio INT-EXT mode switch - 
INT. 

7. READY light - Push on (green) if neces- 
sary. 

8. Forward transfer switch - OFF. 

9. Stabilize In pre-contact position. 

10. Beacon light switch - FU5. 

U. Observe tanker director lights illumi- 
nated and boom in ready for contact 
position. 

NORMAL REFUELING 

Normal refueling is accomplished as follows: 

1. Establish contact. 
After contact la made: 

2. READY light - Check out. 

3. Total fuel quantify - Monitor. 
When refueling is complete: 

4. Control stick disconnect - Press. 

5. Air refuel switch - OFF. Check ready 
light off. 

6. Tanks 1, 2, 6 - Check ON. 

7. Trim engines to EGT supplied by 
tanker. 

8. Radar beacon - OFF. 

In case L hydraulic pressure is lost, R pres- 
sure may be utilized for refueling by moving 
the brake switch to ALT STEER & BRAKE 
position. 
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Do not leave the brake switch In 
the ALT STEER U BRAKE position 
after refueling. 



ALTERNATE REFUELING PROCEDURE 

The boom may be latched In the re 
receptacle manually aa an alternate pro- 
cedure by using the following procedure: 

1. Air refuel awltch - MANUAL. Check 
READY Ught on. 

2. Control stick disconnect - Press and 



When nozzle has bottomed In the receptacle: 
3. Control stick disconnect - Release. 



| CAUTION j 

If the disconnect trigger Is re- 
leased before the nozzle Is In the 
bottom of the receptacle. It l« 
possible for the nozzle to damage 
nozzle latches, preventing any 
further refueling. 



4. Fuel quantity - 



TOTAL fuel. 



When refueling la complete: 

5. Control stick disconnect - Press. 



The automatic limit disconnect 
system is inoperative. All dis- 
connects must be Initiated by the 
receiver aircraft, since the tanker 
operator is unable to release the 
nozzle latches during i 
boom latching. 



6. Accomplish steps 5. 6, 7, 8 of 
Normal Procedure, 



If a malfunction occurs which pre- 
vents disconnecting the boom, place 
the Air Refuel switch in the MANUAL 
position and depress the IFR DISC 
trigger. If disconnect is not accom- 
plished proceed with brute force 
pullout by retarding throttlea. 



BEFORE LANDING 



Below 20,000 feet: 



1. 



Cockpit and Q-bay auto temp controls 
Adjust to approximately two-o'clock 
position or as required to avoid cock- 
pit fog. 



CAUTION 



□ 



Monitor Q-bay and cockpit tem- 
peratures to avoid equipment over- 
heat, If possible. 

Keep UHF radio transmissions to a 
5 second maximum if possible while 
defogging step is employed. 



2. 



Fuel transfer switch - FWD TRANS, 
if required. 



3. 



When tank 5 or 6 contains fuel, 
transfer 1000 to 4000 lbs forward 
to obtain a slight nose up pitch 
trim. 



Surface limiter handle - Pull out and 
rotate 90° CW at Mach 0.5. 



Periscope MIR SEI_ handle - Full for- 
ward. 
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5. Hydraulic pressures - Check. 

6. Fuel transfer awitch - OFF. 

7. | j jower awitch - OFF. 

8. Shoulder harness - Manually locked. 

9. Face plate - Open. 

10. Oxygen - OFF. 

11. Traffic pattern entry - 275 to 350 K1AS, 
1500 feet above field elevation. 

12. Downwind - 250 KIAS, 1500 feet above 
field elevation. 

13. Landing gear lever - DOWN (check 
gee 



NOTE 

Normal gear extenaion time la 
approximately 16 aeconda. Ob- 
aerve gear limit apeed with gear 



14. Baaa leg - 220 to 230 KIAS. 

15. Final approach - Maintain 165 
l with 5000 pounda of 



Baee minimum final approach apeed 
on intended touchdown apeed. Do 
not uae maximum performance final 
approach apeed unleaa operating 
condition require minimum roU or 
runway la wet or icy. 

See figure 2-8 for a typical landing 
pattern. 



16. Landing and taxi lighte awitch - As- 
required. 



LANDING 
NORMAL LANDING 

Refer to the Appendix for landing ground 
roll distances. If airapeed becomee ex- 
cessively low, a high a Ink rate will develop 
reaulting in a hard landing. During the 
flare, throttles are reduced to IDLE and 
touchdown la made at approximately 10° 
pitch angle (nose approximately on the 
horizon). 

The following procedurea ahould be em- 
ployed: 

1. Throttle a - IDLE. 



Throttle movement ahould follow 
quadrant curvature ao that the 
hidden ledge at the IDLE position 
can prevent inadvertent engine 
cutoff. 

Touchdown apeed - As required. 
Hold noaewheel off. 



■ MM! 



CAUTION 



Fuselage angle must not exceed 
14 to avoid scraping the tail. 

4. Drag chute handle - Pull to deploy. 
Chute deployment takes approximately 
three seconds. 

5. Lower nosewheel at HQ KIAS. 
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6. Engage nosewheel steering for direc- 
tional control. Steering will not en- 
gage until rudder pedals align with 
nosewheel position (straight ahead) and 
weight of aircraft ia on any one gear. 

7. Brakes - Apply after chute deployment. 
Moderate braking may be used prior to 
chute deployment. 

If the chute does not deploy observe 
the brake energy limit speed* in 
Section V. Brake switch should re- 
main In the ANTI-SKID position U 
runway is dry. Refer to Drag Chute 
Failure, Section LU. 

8. Drag chute handle - Turn and push to 
jettison chute. 



The drag chute should be 
jettisoned while the aircraft 
still has forward motion to 
prevent drag chute collapse. 
The aircraft should not be 
taxiied with a collapsed drag 
chute. 



CROSSWIND LANDING 

The traffic pattern for a crosswind landing 
should be normal, making proper allowances 
for velocity and direction of the cross wind. 
Proper runway alignment on final approach 
can be maintained by crabbing or dropping 
one wing; however, a combination of the 



CROSSWIND COMPONENT CHART 




Figure 2-9 

two is recommended just prior to flare. 
Remove crab before touchdown, using wing 
low technique to prevent side drift. Reduce 
sink rate to a minimum to accomplish 
smooth touchdown. At increased cross 
wind components, sink rate must be mini- 
mized due to Increase of side loads im- 
posed on the landing gear. With more than 
a 30 knot crosswind component It may be 
advisable to lower the nose and engage 
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nosewheel steering prior to drag chute de- 
ployment. With leea than 30 knot crosswlnd 
component, rudder control Is sufficient to 
of/set the croaswlnd effect on the drag chute. 

LANDING ON SLIPPERY RUNWAYS 
Wet Runwoy 

Set brake switch NORMAL and, when field 
length would be critical in the event of drag 
chute failure, use minimum roll technique. 
Landing roll will Increase due to reduction 
in available braking force. Use lightest 
brake preaaure consistent with atop dis- 
tance available. 




Tests indicate that the aircraft 
will plane with heavy water con- 
ditions on the runway. With this 
condition, directional control in 
a crosswlnd may be difficult. 



Icy Runways 

Same as wet runway except braking effec- 
tiveness is further reduced. 

MINIMUM ROLL LANDING 

a. Make touchdown close to the end of the 
runway at minimum airspeed. This la 
primary for a successful short field 
landing. 

b. Deploy the drag chute as quickly as 
possible after touchdown. Lower the 
nosewheel while the chute is deploying. 



c. Apply maximum braking immediately 
after chute deployment. Moderate 
braking may be used prior to chute de- 
ployment. 

d. Throttles to IDLE during flare or im- 
mediately after touchdown. 

e. Bight engine throttle OFF after touch- 
down. 



NOTE 

Retarding both throttles to OFF 
further reduces thrust, but elim- 
inates nosewheel steering and 
braking. If the brakes are burned 
out at the end of the runway, and 
speed will permit a safe turn off, 
the nosewheel steering system 
will "aave" the landing. 

Throttle technique depends upon the pilot's 
judgement of the particular field conditions. 



WARNING 



Engine shut down will result In loss 
of hydraulic actuating pressure for 
the following systems: 

a. Right engine shutdown - 
Alternate brakes and NWS 
system. 

b. Left engine shutdown - 
Normal and anti-skid brake a. 



GO-AROUND 

A go-around may be Initiated anytime during 
the approach, or during landing roll when 
sufficient runway remains for takeoff. 
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1. Drag chute handle - Turn and push to 
jettison chute. If deployed. 

2. Throttles - MIL1TAR Y thrust, MAX- 
IMUM thrust if required. 

3. Landing gear lever - UP after positive 
climb established. 

4. Trim - As necessary. 



AFTER LANDING 



ENGINE SHUTDOWN 



1. Pitot heat - OFF. 

2. SAS channel switches- OFF (before 
taxiing). 

3. Lighting switches - As required. 

4. Suit vent boost lever - Set at 2/3. 

5. Adjust cockpit and Q-Bay temperature 
control for comfort and equipment 
cooling. 

If taxiing with the canopy open is 
desired, the canopy should be opened 
only when the aircraft is completely 
stopped and canopy seal pressure is 
off. It should only be opened If both 
engines and both air conditioning 
systems are operating normally 
and after the normal cockpit post- 
flight check of INS and Q-bay and 
associated equipment has been ac- 
complished and this equipment 
turned off. The maximum taxi 
speed with the canopy open and 
latched la 40 knots. Gusts or 
severe wind conditions should be 
considered as a portion of the 
limit taxi speed. 



2. 
3. 
4. 



CAUTION 



The engine should be operated at 
IDLE for 5 minutes (including taxi 
time) before engine shutdown to 
permit uniform turbine cooling 
prevent possible rotor seizure. 

1. Wheel chocks - Installed. 



Canopy seal pressure lever - OFF. 
Canopy - Open. 
INS - As briefed. 



E 



The INS should not be operated 
more than 5 minutes after opening 
the canopy to avoid the possibility 
of excessive INS component tem- 
peratures. 



In the event of engine fire during 
shutdown, the engine can be 
motored with fuel OFF to blow 
out fire if starter unit is con- 
Refer to Section m. 



5. Igniter purge switch - DUMP. Hold 
30 



6. Recorders - OFF. 

7. External power - Connect, if available. 

8. Battery switch - EXT PWR or OFF as 
required. 
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9. Generator switch - TRIP (momen- 
tary). 

10. Appropriate electrical switches - OFF. 

11. Throttles - OFF. 

12. Seat and canopy pins - Installed. 

STRANGE FIELD PROCEDURES - AS 
BRIEFED. 

ABBREVIATED CHECKLIST 

Normal and emergency procedures abbre- 
viated checklists are furnished separately. 
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INTRODUCTION 



This section provides recommended procedure* for use in the event of 
emergency or abnormal operating conditions. It does not cover multiple 
emergencies. Pilots must recognize that single malfunctions will often 
affect operation of other aircraft systems and require corrective actions 
in addition to those contained in a specific emergency procedure. 



Uic of ChecKlitts 

Critical emergency checklist items are 
those actions which must be performed im- 
mediately if an emergency is not to be ag- 
gravated. These steps appear in CAPITAL 
letters to permit immediate identification. 
They must be committed to memory to per- 
mit accomplishment without reference to the 
Abbreviated Checklist. 



Definition! of Landing Situations 

The terms "land when practicable" and 
"land as soon as possible" are not used 
interchangeably. The direction to "land 
when practicable" means to land at home 
base or other suitable alternate. Air re- 
fueling is allowed when necessary In order 
to reach the suitable destination. Alteration 
of the original flight plan may or may not be 
required, depending on the flight limits 
which are imposed because of the emergency 
or abnormal operating situation. 

The direction to "land as soon as possible" 
means land at the nearest suitable facility. 



GROUND OPERATION 



ENGINE FIRE 

ENGINE FIRE DURING GROUND START 

If there is evidence of fire during ground 
start, attempt to keep the engine rotating 
until the fire is out. Apply chemicals from 
outside the engine only as a last resort. 

If a fire is evident during a start, or on 
notification: 

1. THROTTLE - OFF. 

2. CONTINUE CRANKING ENGINE. 



NOTE 

Continue motoring the engine when 
the starter remains engaged and 
fire is contained in the tailpipe. If 
the starter unit has disengaged, it 
can not be re-engaged until the 
engine has come to a complete stop. 

3. EMERGENCY FUEL SHUTOFF 
SWITCH - FUEL OFF. 

4. Battery switch - OFF. 

5. Abandon aircraft. 
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ENGINE FIRE AFTER SHUTDOWN 

Use applicable steps of Engine Fire During 
Ground Start procedure. 

ABANDONING THE AIRCRAFT ON THE 
GROUND 

In an emergency requiring ground abandon- 
ment, the primary concern Is to leave the 
immediate area of the aircraft as soon as 
possible. The following procedures should 
be used when fire or explosion are probable. 
Salvaging emergency and survival equip- 
ment has not been considered. These pro- 
cedures provide the fastest means of aban- 
doning the aircraft and they should be ac- 
complished as rapidly as possible after the 
decision to abandon the aircraft Is made. 

This procedure may be Initiated while the 
aircraft is In motion; however, the lap belt 
should remain fastened until the aircraft Is 
stopped. 

To accomplish an emergency exit on the 
ground, proceed as follows: 

1. Ejection seat safety pin - Install if 
time permits. 

2. Survival kit release handle - Pull. 

3. Seat belt and shoulder harness - Re- 
lease. 

4. Personal lead* - Disconnect. 

5. Parachute harness attachments - Re- 
lease. 

6. Foot spurs - Manually release, (use 
cable cutter if otherwise unable to re- 
lease spurs). 

7. Canopy - Unlatch or jettison as appli- 
cable. 

8. Evacuate aircraft. 



BRAKE, STEERING, OR TIRE FAILURE 

Without anti-skid operating, extreme cau- 
tion must be utilized to prevent wheel skid, 
as skidding is hard to delect due to aircraft 
size and weight. Tires may fail before a 
skid condition can be recognized and cor- 
rected, A main landing gear tire blow-out 
may be sensed by the pilot as a thump or 
muffled explosive sound. 

If the ANTI-SKID OUT warning light illum- 
inates or anti-skid braking is not effective: 

1. Brake switch - ANTI-SKID OFF. 

If normal brakes and/or nosewheel steering 
are not effective, or if L system hydraulic 
pressure is not available: 

2. Brake switch - ALT STEER AND BRAKE. 

MOTt 

If both engines are shut down with 
the aircraft moving, the brake switch 
should be left in the ANTI-SKID OFF 
position and steady brake pressure 
applied to a complete stop. The 
brakes should not be pumped, as 
accumulator pressure would be 
lost. 

At landing weights, the aircraft can be 
taxied safely so long as one tire per main 
gear remains inflated. At takeoff weights, 
taxi distance should be minimized if one or 
two tires per main gear are flat In order to 
minimize the probability of further tire 
failures. Taxiing as necessary is permitted 
to clear a runway with all tiree failed on a 
main gear, as the massive tire bead tends 
to protect the wheels for some distance. 

EMERGENCY ENTRANCE 

In the event that qualified ground personnel 
are not available, emergency entrance to 
the aircraft can be accomplished using the 
procedures illustrated by figure 3-2. 
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TAKEOFF EMERGENCIES 



PROPULSION SYSTEM 



The component* considered as parts of the 
propulsion system Include the main engines, 
afterburr.ora, inlets, nozzles, tailpipes, 
fuel controls, and fuel -hydraulic, lubrica- 
tion, and ignition systems. If abnormal op- 
eration of any of these components Is Indi- 
cated prior to reaching the acceleration 
check distance, the takeoff should be abort- 
ed. Refer to ABORT procedure, this sec- 
tion. The following procedures apply after 
satisfactory completion of the acceleration 
check. 



THRUST FAILURE DURING TAKEOFF, 
TAKEOFF REFUSED 

If the acceleration check speed is marginal, 
or if the thrust of either engine decays or 
fails, and conditions permit: 

1. ABORT. 

Refer to abort procedure, this section. 

ENGINE FAILURE IMMEDIATELY AFTER TAKEOFF 

If an engine falls Immediately after takeoff 
and the decision is made to continue, main- 
tain Maximum thrust on the operating en- 
gine. Lateral and directional control can 
be maintained when airspeed remains above 
the minimum single engine control speed. 
Sec figure 3-3. However, ability to main- 
tain altitude and to accelerate or climb de- 
pends on weight, drag, altitude, airspeed, 
and temperature. Refer to the appendix for 
takeoff climb capability data. When at 
heavy weight for the existing air temper- 
ature, dumping fuel may reduce weight 
sufficiently to remain airborne. 

If able to maintain altitude or accelerate: 



1. THROTTLE5 - MAXIMUM THRUST. 

Rechcck position of both throttles to 
assure that maximum power is being 
obtained. 

2. LANDING GEAR LEVER - UP. 



3. CROSSFEED SWITCH - PRESS ON. 

4. Fuel dump switch - DUMP (if neces- 
sary). 

Fuel dumping in addition to consumption 
by operating engine lightens the 
aircraft at an appreciable rate. If 
turning at sufficient speed, the inop- 
erative engine will also discharge fuel 
from its afterburner. 

5. Rudder trim - As necessary. 

Bank and sideslip toward the operating 
engine as necessary to maintain di- 
rectional control and minimize drag. 
7 to 9 degrees of rudder trim with bank 
and sideslip as needed to maintain 
course yields minimum drag in the 
critical speed range from 220 to 250 
KIAS. 

6. Throttle (failed engine) - OFF. 



1 



Positively identify the failed engine 
before retarding the throttle. 



If not mechanical failure: 

7. ATTEMPT AIR START (refer to Air 
Start Procedure this section). 

For obvious mechanical failure: 

8. Emergency fuel shutoff switch - FUEL 
OFF. 
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DOUBLE ENGINE FAILURE IMMEDIATELY 
AFTER TAKEOFF 

If a double engine failure occur*, proceed 
as follows: 

1. IF GEAR 15 DOWN AND CONDITIONS 
PERMIT - LAND STRAIGHT AHEAD. 

2. IF GEAR RETRACTION HAS BEEN 
INITIATED OR CONDITIONS DICTATE- 
EJECT. 



WARNING 



Decay of engine rpm will reault In 
rapid loss of A and B hydraulic 
system preaaure and subsequent 
ioa* of aircraft control. 

AFTERBURNER FAILURE DURING TAKEOFF, 
TAKEOFF CONTINUED 

If an afterburner fails before leaving the 
ground and a decision is made to continue, 
control failed engine aa followa: 

1. THROTTLE - MILITARY. 

2. THROTTLE - MAXIMUM THRUST. 
If unable to light afterburner: 

3. THROTTLE - MILITARY. 

4. Trim - Aa neceaaary. 

5. Abort nviaalon. 



AFTERBURNER NOZZLE FAILURE 

Nozzle failure may be indicated by nozzle 
poaition, excessive rpm fluctuations, or 
failure of the engine to control to scheduled 
speed. This may be accompanied by com- 
pressor stall and exhaust gas overtempera- 
ture. Engine shutdown may be necessary. 

Nozzle Failed Open Immediately After Takeof f 

In the event of a nozzle failed open indi- 
cation: 

Affected engine: 

1. Throttle - Aftorburner range. 

2. RPM i. EGT - Maintain within limits. 

NOTE 

In the event of extreme engine over- 
speed, il flight condition permits, 
retard throttle below Military or 
shut down. 

3. Land as soon as practicable. 



Noxxla Failed Closed 

In the event of a nozzle failed closed con- 
dition: 

Affected engine: 

1. Throttle - Military or below, aa 
required. 

Do not attempt to relight the after- 
burner aa the engine may flameout 
(after which it cannot be restarted 
due to reduced rpm). 

2. RPM and EGT - Maintain within limits. 

Compressor stall is llxely, and EGT 
will probably rise. 

3. Land ae soon aa practicable. 
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FIRE 

ENGINE FIRE DURING TAKEOFF - TAKEOFF 
REFUSED 

If either fire warning light illuminates be- 
fore leaving the ground and the takeoff Is 
refused: 

1. ABORT. 

Accomplish ABORT procedure, this 
section, a* necessary. 

2. THROTTLE - OFF. 
Affected engine only. 

Positively identify the affected engine 
before retarding the throttle. 

3. EMERGENCY FUEL SHUTOFF 
SWITCH - FUEL OFF. 

4. Shutdown operating engine after 
stopping. 

5. Seat pin - Insert if time permits. 

6. Abandon aircraft. 



^L?S} ' re * M°_ n 0 Q<^ rn rn t 

Both throttles should be retarded to IDLE 
and the brakes applied with the nose down 
as soon as the decision to abort is made. 
Reaction time and residual thrust will usu- 
ally cause airspeed to continue increasing 
until engine rpm begins to decrease. The 
planned rotation speed may be exceeded as 
a result; however, the nosewheel should be 
kept on the runway to take advantage of 
nosewheel steering in combination with 
rudder control. Shutdown of one engine will 
shorten the stopping distance, but shutdown 
is not necessary unless the drag chute does 
not operate properly. In the event of chute 
failure, shutdown the right engine after 
both are idling, or complete the shutdown of 
a failed or flamed out engine. 

WARNING I 

Wait until rpm and ECT show that 
both engines are idling or that one 
engine is failing before selecting 
the engine to shutdown. Loss of 
both engines may result in loss of 
hydraulic pressure for braking. 



ABORT 

The abort procedure assumes that a deci- 
sion to abort will be made before rotation 
speed is reached. Aborts from above ro- 
tation speed arc not prohibited, but the 
risks associated with aborting from such 
a high initial speed at takeoff weight must 
be balanced against (hose of continuing a 
takeoff when making the decision. In gen- 
eral, after rotation speed is reached, the 
most reasonable course of action is to con 
tinue rather than abort unless the emer- 
gency is such that the aircraft can not fly. 



Aircraft Attitude, With Petition to Abort 



Lower the noee and energize the brakes sim- 
ultaneously with nosewheel contact. When 
rotation is well advanced, the aircraft may 
accelerate beyond takeoff speed and lift off 
before rotation can be checked. In this 
case, hold the aircraft off sufficiently to 
regain control and then touch down without 
sideslip if possible. Fly the aircraft back 
to the runway, attempting to regain the 
center. 
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Chute Deployment j, BRAKES - OPTIMUM BRAKING. 



The drag chute requires 4 to 5 seconds for 
deployment after drag chute actuation. It 
is permissible to actuate the deploy handle 
while decelerating in anticipation of reaching 
210 KIAS ; however, premature deployment 
can result in destruction of the chute. Ac- 
tuation of the chute system so as to reach 
210 KIAS simultaneously with loading of the 
chute is not recommended unless the risk 
is justified by a very marginal distance re- 
maining situation. 



pro*c jwirc n 

The normal ANTI-SKID ON brake switch 
setting provides nosewheel steering and 
braking power from the L hydraulic system 
and anti-skid protection. It is not necessary 
to change the switch setting unless the left 
hydraulic pressure has failed or anti-skid 
off la desired. Selection of ANTI-SKID OFF 
or ALT STEER U BRAKE causes the ANTI- 
SKID OUT warning light on the annunciator 
panel to illuminate. 



ABORT PROCEDURE 




Do not unfasten the lap belt or 
shoulder harness until the air- 
craft has come to a stop. 

The landing gear should be left 
in the extended position. 

1. THROTTLES - IDLE. 

Retard both throttles to IDLE. Do not at- 
tempt to shut down either engine immedi- 
ately unless failure to do so would vitally 
endanger the aircraft. 

2. NOSEWHEEL STEERING - ENGAGE. 



For dry runway: use moderate to 
heavy brake pressure. 

For wet runway: use light to 
moderate brake pressure. 

4. DRAG CHUTE - DEPLOY. 

The limit airspeed for drag chute 
deployment is 210 KIAS. 

5. BRAKE SWITCH - As required. 

Set the brake switch to ALT STEER 
6. BRAKE when the L hydraulic 
system is below normal pressure 
due to system or left engine failure. 

Selection of ALT STEER & BRAKE 
changes the source of brake pres- 
sure fTom the L to the R hydraulic 
system and disables the anti-skid 
system. 

6. Shut down one engine (if necessary). 

Shut 'down of one engine is considered 
necessary in the event of drag chute 
failure. 

If drag chute fails to deploy, use 
DRAG CHUTE FAILURE Procedure, 
this section. 

Shut down the right engine if both 
engines are idling or if the right 
engine has failed. 

Shut down the left engine if it has failed. 



WARNING 



Positively Identify the failed engine 
before attempting engine shutdown. 
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DRAG CHUTE FAILURE 

If the drag chute should fall to deploy and 
etopplng distance is critical, proceed as 
follows: 

Dry Runway 

1. LOWER NOSE IMMEDIATELY. 

2. NOSEWHEEL STEERING - ENGAGE. 

3. BRAKES - AS REQUIRED UP TO MAX- 
IMUM BRAKING. 

4. RIGHT ENGINE THROTTLE - OFF, IF 
REQUIRED. 

5. HOLD AS MUCH UP ELEVON AS POS- 
SIBLE AND STILL KEEP THE NOSE- 
WHEEL ON RUNWAY FOR DIREC- 
TIONAL CONTROL. 



Wet Or Icy Runway 

1. LOWER NOSE. 

a. LANDING - AT 110 KIAS 

b. ABORT - IMMEDIATELY AT 190 
KIAS. 

2. NOSEWHEEL STEERING - ENGAGE. 

3. BRAKES SWITCH - NORM. 

4. BRAKES - MAXIMUM PRESSURE. 

5. RIGHT ENGINE THROTTLE - OFF. 

6. HOLD AS MUCH UP ELEVON AS POS- 
SD3LE, BUT KEEP THE NOSEWHEEL 
ON THE RUNWAY FOR DIRECTIONAL 

CONTROL. 

NOTE 

This wet or Icy runway technique 
will probably blow the tires early In 
the landing roll; however, direc- 
tional control can still be maintained 
and the blown tires will remain on 
the wheel.. Additional pedal pres- 
sure will be required as each tire 
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blows. Maximum wing aerodynamic 
braking is more effective than wheel 
braking on a wet or icy runway until 
the nose is lowered but the nose up 
attitude must not be held to a point 
that the nosewheel will slam onto 
the runway. Use of maximum 
possible up elevon after the nose 
is lowered while keeping the nose- 
wheel on the runway provides aero- 
dynamic drag and additional down 
load on the main wheels. 

FUEL SYSTEM 

FUEL PRESSURE LOW WARNING 

If one or both FUEL PRESS LOW warning 
lights illuminate during takeoff, abort If 
airspeed and runway length remaining per- 
mit. If airborne or If an abort is not pos- 
sible: 

1. CROSSFEED - PRESS ON. 

2. Tanks with fuel - Press on. 

3. Analyze difficulty and attempt to re- 
store normal sequencing. 

Illumination of both fuel pressure low 
warning lights indicates loss of all 
boost pumps. This can only result 
from multiple failures. If this occurs 
during takeoff, tank pressurisatlon will 
supply sufficient fuel to the engine dri- 
ven pumps to maintain engine operation, 



WARNING j 

Fuel can not be dumped with com- 
plete boost pump failure. Use 
caution and observe operating limits 
of Section V if a heavy weight land- 
ing is required. 

After fuel pressure restored: 

4. Croesfeed - Press off. 

If normal operation can not be restored: 

6, Land as soon as possible. 
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With crossfeed on, more fuel may tend to 
feed from the forward tanks and cause an 
aft e.g. shift. Before landing, e.g. should 
be checked carefully. 



LANDING GEAR AND TIRES 

MAIN OR NOSE GEAR TIRE FAILURE 

Failure of a main gear tire during takeoff 
will overload the remaining tires on that 
side when takeoff weight exceed* 120,000 lb. 
This may be precipitate additional tire 
failures before normal takeoff speed can be 
reached or before the aircraft can be stop- 
ped, depending on speed and the time of 
failure. As each main gear tire loss de- 
crease* the available brake energy capa- 
city by one-sixth, abUity to stop from high 
speed is largely dependent on effectiveness 
of the drag chute. 

Failure of a nosewheel tire is not expected 
to generate a second tire failure, but it 
may not be possible to determine immedi- 
ately whether a nose or main gear tire has 
failed. In either case, engine or structural 
damage may be sustained from tire fragments. 

Depending on the airspeed attained and 
whether or not engine damage la Indicated, 
a takeoff may be preferable to aborting. 

The following procedure la recommended 
when a main or nose gear tire failure Is 
suspected during the takeoff run: 

1. ABORT IF SPEED PERMITS. 

2. ANTI-SKID OFF. 

Set the anti -skid switch OFF prior to 
brake application. Brake with steady 
application of pressure to avoid spin- 
up of the blown tire. 

If takeoff Is continued: 

3. DO NOT RETRACT GEAR until checked. 



4. Brake switch - NORM -SKID OFF. 

Anti-skid off must be selected in 
order to stop the wheels rapidly after 
takeoff, as braking is disabled with 
anti-skid ON when gear down selected 
and there Is no weight on the gear. 

5. Brake wheels to a stop. 

The blown tire(s) must be stopped in 
order to minimUe the posaiblility of 
damage to the aircraft. 

6. Request confirmation of tire and air- 
craft condition. 

The gear should not be retracted until 
a visual check ha* been made by 
another aircraft or by ground personnel. 
If loss of one or more tires Is verified, 
the gear should be left extended and a 
landing made as *oon as practicable. 

7. Land when practicable. 



EMERGENCY GEAR RETRACTION 

If the gear lever cannot be moved to the UP 
position after takeoff: 

1. Gear override button - Press and hold. 

2. Landing gear lever - UP. 

This overrides the solenoid which is nor- 
mally actuated by the landing gear switch. 



WARNING 



Improper use of this procedure 
may cause gear retraction while 
on the ground. 

Once energised, the gear lever must be 
recycled to the DOWN position In order to 
bring the ground safety switch back into the 
circuit. 
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EMERGEN CY ESCAPE 



Escape from the aircraft in flight should be 
made with the ejection teat. The following 
is a summary of ejection expectations: 

a. At sea level, wind blast exerts only 
minor forces on the body up to 525 
XIAS. appreciable forces from 525 to 
600 XIAS ; and excessive forces above 
600 K1AS. The aircraft limit airspeed 
is below these speeds. 

CAUTION 

Flights with oxygen mask and re- 
gulator are restricted to below 
FL 500 and below 420 KEAS because 
of wind blast forces anticipated in 
the event of ejection. Before actual 
ejection, airspeed should be reduced 
to subsonic and as slow as conditions 
permit. 

b. Ejection at 65 KIAS and above during 
takeoff or landing run results In suc- 
cessful chute deployment. 



c. The free fall from high altitude down to 
15,000 feet with drogue chute stabili- 
zation will result in stabilized descent 
in the quickest manner. 

During any low altitude ejection, the chance 
for success can be greatly increased by 
zooming the aircraft to exchange excess 
airspeed for altitude. Ejection should be 
accomplished while the aircraft is in a level 
or climbing attitude. A climbing or level 
attitude will result in a more nearly vertical 
trajectory for the seat and crew members, 
thus providing more altitude and time for 
seat separation and parachute deployment. 



The zero altitude capability of this aircraft 
should not be used as a basis for delaying 
ejection If ejection is necessary. Aircraft 
accident statistics emphatically show a 
progressive decrease in successful ejec- 
tions as ejection altitude is decreased be- 
low 2000 feet; therefore, whenever possible, 
eject above 2000 feet. 



BEFORE EJECTION 

Before ejection, when time and conditions 
permit: 

1. Altitude - Reduce so that the pressure 
suit is not essential to survival. 

2. Airspeed - Reduce to subsonic and as 
slow as conditions permit. 

3. Head aircraft toward unpopulated area. 

4. Transmit location and intentions to 
nearest radio facility. 

5. IFF - EMER position. 

6. Lower helmet visor. 

7. Green apple - Hull if above 15,000 feet. 



EJECTION 

To accomplish an emergency escape using 
the ejection seat proceed as follows: 

1. ASSUME PROPER BODY POSITION. 

Sit erect with head against head rest. 
If possible, cross arms to pull ejection 
ring to assist in keeping arms close to 
body. 

2. PULL EJECTION "D" RING. 

If seat fails to eject after normal delay, con- 
tinue with the following: 
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3. JETTISON CANOPY. 

Use canopy jettison handle. If canopy 
still does not jettison, open canopy and 
allow it to blow off into the air stream. 

4. PULL EJECTION T -HANDLE. 



WARNING 



Do not pull the T -handle with the 
canopy still in place. 

Keep elbows close to sides and 
feet firmly against seat while 
pulling the ejection T -handle since 
the foot retractors and knee guards 
will not actuate. 



AFTER EJECTION 

After clear of aircraft if not automatically 
separated from seat: 

1. Manual cable cutter ring - Pull. 

2. Seat belt - Open. 

3. Kick loose from scat. 

4. Parachute arming lanyard - Pull. 

If at high altitude Biter drogue chute sta- 
bilizes free fall: 

5. Extend arms to control spinning. 
When drogue chute releases: 

6. Feet together. 



CAUTION 



After drogue chute separation, 
backward tumbling tendency oc- 
curs. Feet together prevents pilot 
chute deployment between legs. 



PARACHUTE LANDINGS 
After main chute opens: 
Over Lond - High Altitude 

a. At approximately 2000 feet, release your 
survival kit. Pull handle completely 
free of the kit. 

b. At approximately 1000 feet.roU - safety 
Rocket Jet roll bars up. 

c. Prepare to land. 

d. After landing, release one side of your 
parachute to prevent being dragged by 
winds. 

Over Lond - Low Altitude 

a. Release kit immediately after parachute 
opening shock. 

b. Prepare to land. 
Over Worcr - High Altitude 

a. Open face plate and extend microphone 
boom to hold open. 

b. Disconnect emergency oxygen hose 
lead*. 

c. Loosen chest strap. 

Failure to loosen chest strap be- 
fore inflating flotation gear may 
result in inability to breathe. 

d. Pull out life vest oral inflation tube and 
check open valve. 

e. Disconnect vent hose. 

f. Inflate life vest - time permitting, close 
oral inflation valve. 
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g. 1500 to 2000 £cct,rolea«e survival kit. 

h. Boll riser release safety bars to the up 
position (BJ releases). 

1. Place left forearm through the "V" 
formed by the left risers. 

j. Place right hand on left riser release, 
feet together and knees slightly bent. 

k. Push up on the left riser release on 
contact with water, releasing canopy. 

L Belease other (right) side of the canopy. 

m. Pull raft to you for additional support. 

n. Disconnect the survival kit lanyard 
from the right side of the parachute 
harness. 

o. Remove spurs before boarding raft. 
I - 

CAUTION 

L~ — .1 

Spurs must be removed to prevent 
puncturing rait. 

p. Bcmove parachute harness before 
boarding raft. 

q. Board raft. 

Over Woter - Low Altitude 

a. Immediately inflate outer garment 
after parachute opens. 

b. Belease survival kit. 

c. Boll Rocket Jet release roll bars up. 
Jettison canopy upon contact with water. 

d. Follow standard procedures in water. 



BAILOUT WITH EJECTION SEAT INOPERATIVE 

If the seat fails to eject, the following pro- 
cedure should be used to leave the aircraft. 

1. Airspeed - 250 to 300 KEAS. 

2. Green apple - Pull. 

3. Foot spurs - Belease. 

4. Personal leads - Disconnect. 

Disconnect oxygen supply hoses at the 
quick disconnect, and suit vent hose at 
the controller. 

5. Trim full nose down, roll inverted. 

6. Lean forward. 

7. Belease seat belt (and control stick, 
•imulataneously) and drop out. 

When clear of aircraft: 

8. Pull parachute arming lanyard. 

9. Prepare for landing. 

Preparations for landing are the same 
as for ejection procedure. 
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FIRE 

FIRE WARNING IN FLIGHT 

Illumination of a FIRE warning light indi- 
cates a nacelle compartment temperature 
above approximately 1050 F. An immedi- 
ate check «hould bo made for abnormal 
EGT and, if possible, for trailing smoke or 
any other indication of fire. In case of 
doubt, assume that a fire does exist and 
proceed as follows: 

1. THROTTLE - MILITARY (AFFECTED 

ENGINE). 

If light remains on: 

2. THROTTLE - IDLE ABOVE MINIMUM 
CONTROL SPEED. 

If light still remains on: 

3. THROTTLE - OFF. 

If fire warning light extinguishes 
while shutting down the engine, 
do not attempt a restart. 

4. EMERGENCY FUEL SHUTOFF SWITCH- 
FUEL OFF. 



WARNING 



Shutting off the fuel if speed above 
approximately Mach 2.2, may cause 
engine oil to overheat and result 
in engine failure. Shutting off the 
fuel may also cause additional emer- 
gencies due to loss of the associated 
aircraft cooling systems. Reduced 
Mach number decreases cooling 
requirements because of lower en- 
vironmental temperatures. 



NOTE 

If it is the left engine which is sus- 
pected and has been shut down, the 
cockpit air switch should be placed 
in the EMER position. 

5. CHECK FOR OTHER INDICATIONS OF 
FIRE. 

At pilot's discretion, if fire confirmed or 
confirmation not possible and light remains 
on: 

6. EJECT. Attempt to descend from 
extremely high altitude prior to 
ejection. 

If there is no fire: 

7. Land as soon as possible. 



SMOKE OR FUMES 

The pilot cannot detect fumes when wearing 
a pressure suit. The helmet oxygen system 
is independent of the cockpit and suit air 
supply. Smoke can be eliminated promptly 
by dumping cabin pressure unless smoke is 
entering the cockpit from the air condition- 
ing system. 



WARNING 



Cockpit depressurizatton will occur 
at an extremely rapid rate and the 
pilot will be dependent on his 
pressure suit for altitude protection. 

If the smoke is Introduced by the cockpit air 
supply system, switch the cockpit system 
to EMERG. The defog system should be off 
at all times when not required. 

If smoke Is entering the cockpit from the 
air conditioning system: 

I. Cockpit air switch - EMER. 
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2. Defog switch - OFF if not required. 
If smoke or fumei cannot be controlled: 

3. Initiate emergency descent. 



ELECTRICAL FIRE 

The pilot mult depend on visual detection 
of electrical fire when wearing a pressure 
suit since he cannot smell the characteristic 

odor. 

1. Isolate the malfunction. 

Turn off electrical systems in order to 
isolate the maliunction(s). If neces- 
sary, deactivate suspected systems 
by pulling circuit breakers. The 
battery and one generator may be 
turned off without adverse effect on 
essential systems; however, both 
generators should not be off simul- 
taneously unless absolutely necessary 
as this would shut down all fuel boost 
pumps. 

2. Leave failed system off. 
If required: 

3. Cockpit pressure dump switch - DUMP. 

4. Land as soon as possible. 



EMERGENCY DESCENT 

If extreme conditions require a rapid 
descent: 

1. THROTTLES - IDLE. 

2. RESTART SWITCHES - BOTH ON 
(SIMULTANEOUSLY) 




When initial CIT is high, engine 
damage can be expected as the 
deceleration Mach rates specified 
in Section V will be exceeded. 



3. AFT BYPASS SWITCHES - OPEN. 

Setting this configuration provides the lease 
probability of asymmetric unstart, high 
drag, and the best means for avoiding Inlet 
roughness during the descent. 

Set the aft bypass CLOSED If 
engine speed is maintained at or 
near the Military rpm schedule. 
Engine stalls will occur below 
Mach 2.6 If the forward and aft 
bypass are open with rpm at or 
near Military speed. 

4. Airspeed - Adjust between 350 to 400 
KEAS. 




Do not exceed 450 KEAS or 1.6 g 
load factor. 

If necessary, reduce rate of descent 
to maintain positive fuel tank pressure. 

Increase rpm if high suit inflow 
temperatures are experienced. 

5. Forward transfer switch - FWD 
TRANS. 

For rapid descents during which aircraft 
control has become or may become critical 
(i. e. , pilot emergency, aft c. g. location 
with boost pumps Inoperative) a minimum 
use of flight controls is recommended. 
This may Include non-turning flight until 
lower speeds are attained. If aircraft control 
is not a critical consideration (i. e. , low 
oxygen quantity) a spiral descent Is very 
effective in providing a more rapid loss of 
altitude. 

In descending through the transonic region, 
the nose will be between 10 and 30 degrees 
below the horizon. 
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Turns causing appreciable load 
factor should be avoided while 
descending through the 50,000 
foot level as the pitch SAS gain 
switching will cause a transient 
"bump" which may increase 
factor to near limit value. 



When subsonic: 



6. 



Landing gear lever - DOWN, 
gear limit speed. ) 



(Below 



WARNING 



Gear extension at supersonic speeds 
is forbidden. 



CAUTION 



If the landing gear is extended 
above 300 KEAS or Mach 0.9, 
the landing gear doors will be 
damaged if sideslip exists. 

Extending the landing gear at speeds above 
Mach 2.3 may cause heat damage to tires 
and result in a hazardous Landing condition. 
With gear extended, a large nose-up pitch 
moment occurs in the speed range of Mach 
1 .6 to 0.9. Full nose-down elevon will be 
insufficient to maintain 1-g flight at high 
KEAS and/or aft e.g. in this area. 



FUEL DUMPING PROCEDURE 



Normal fuel dumping provides a means of 
reducing gross weight rapidly in the event 
of an emergency. All tanks containing fuel 
except for tank 1 will empty in the normal 
fuel tank usage sequence. Tank 1 will not 
be dumped, as its boost pumps are held off 
by actuation of the fuel dump switch and 
manual actuation of the tank 1 boost pump 
selector turns dumping off. When the fuel 
dump switch is in the DUMP position, fuel 
dumping will continue only until the fuel 



level in tank 4 reaches 5000 pounds. When 
the EMER position is selected, dumping will 
continue until all fuel excluding tank 1 is 
expended. To increase the dump rate, man- 
ually select boost pumps for all tanks con- 
taining fuel (except tank 1). 



NORMAL FUEL DUMPING 

Accomplish normal fuel dumping as follows: 

1. Fuel dump switch - DUMP. 

2. Fuel quantity - Alternately monitor 
TOTAL fuel and tank 4 fuel. 

3. Fuel dump switch - OFF when 5000 
pounds remain in tank 4. 

EMERGENCY FUEL DUMPING 

If the fuel level in tank 4 has prematurely 
reached the 5000 pound level and dumping 
is required (excessive fuel in tanks 3, 5 or 
6), proceed as follows: 

1. Fuel dump swftch - EMER. 

Z. Tanks 3, 5 or 6 containing fuel - Press 
on. 

3. Forward transfer switch - FWD TRANS 
(if required). 

4. Fuel quantity - Alternately monitor 
tanks 1 and 4. 

When tank I quantity reads 4000 pounds: 

5. Forward transfer switch - OFF. 
When required amount of fuel remains: 

6. Fuel dump switch - OFF. 
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The boost pumps In tank I are in- 
operative until the EMER dump la 
turned OFF or tank 1 pumps are 
selected manually. The EMER 
dump must be turned to OFF or 
DUMP to assure automatic avail- 
ability of fuel remaining in tank I 
at termination of fuel dumping. 
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At least one engine must be operating If a 
forced landing la to be attemptod. All forced 
landings ahould be made with the landing 
gear extended rcgardleaa of terrain. High 
airspeed or nose high angle of impact dur- 
ing landings with gear retracted causes the 
aircraft to "slap" the ground on Impact, 
subjecting the pilot to possible spinal injury 
It is recommended that a gear up landing 
not be attempted with this aircraft; EJECT 



FORWARD FUEL TRANSFER AND FUEL 
DUMPING PROCEDURE 

Forward fuel transfer and fuel dumping may 
be accomplished simultaneously as follows: 

1. Fuel dump switch - DUMP. 

2. Forward transfer switch - FWD TRANS. 

3. Fuel quantity - Alternately monitor 
tanks 1 and 4. 

When tank 1 fuel quantity reads 4000 pounds: 

4. Forward transfer switch - OFF. 

5. Fuel dump switch - OFF when 5000 
pounds remain in tank 4. 



FORCED LANDING OR DITCHING 

Ditching, landing with both engines Inoper- 
ative, or other forced landing ahould not be 
attempted. Ejection la the beat course of 
action. All emergency survival equipment 
Is carried by the pilot; consequently, there 
Is nothing to be gained by riding the air- 
plane down. 



PROPULSION SYSTEM 

The following procedures are to be accom- 
plished in the event of abnormal operation 
or failure of a propulsion system component, 
i.e.. Inlet, engine, afterburner, nozzle, 
fuel control, or lubrication, fuel-hydraulic, 
or ignition system. 



INLET DUCT UNSTART 

Inlet duct unatarts can only occur after 
supersonic speeds are reached and an inlet 
has been " started" , that i», supersonic flow 
conditions established Inside part of the in- 
let. Normally, the supersonic flow region 
extends from the cowl entrance to a position 
near the inlet throat when inlet flow condi- 
tions are optimized. A shock wave Is 
formed at the boundary between supersonic 
and subsonic flow conditions In the Inlet. 
When an inlet unstarts, the internal shock 
wave is expelled and a "normal" shock wave 
forms ahead of the cowl. Flow within the 
inlet becomes subsonic and pressure in the 
inlet decreases. When an inlet alternately 
starts and unstarts rapidly, the change in 
inlet pressure which occurs results In 
severe airframe roughnesB. 

Shock expulsion, or unstart, may be caused 
by inlet airflow becoming itreatcr than 
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engine requirement* and duct bypass capa- 
bility, spike position too far aft, or abrupt 
aircraft attitude change*. Improper spike 
or door positions can result from inlet 
control error, loss of hydraulic power, or 
electrical or mechanical failure. Unstarts 
are usually associated with climb or cruise 
operations above Mach 2 when at normal 
engine speeds; however, they may be en- 
countered during reduced rpm descents at 
speeds above Mach 1,3. Between Mach 1,3 
and 2.2, when near Military rpm, recovery 
procedures using the restart switch ON 
position may result in compressor stall. 

UnsUrts are generally recognizable by air- 
frame roughness, loud "banging" noises, 
aircraft yawing and rolling, and decrease of 
compressor inlet pressure toward 4 psl. 
Fuel flow decreases quickly and the after- 
burner may blow out. EGT usually rises, 
with the rate of increase being faster when 
operating near limit Mach number and ceil- 
ing altitudes. A distinct increase in drag 
and loss of thrust occurs because of in- 
creased air spillage around the inlet and re- 
duced airflow through the engine. 

The aircraft yaws toward the unstarted inlet 
during an unstart. This yaw causes a roll 
in the same direction. Pitch rates are not 
developed by the inlet unstart, but pitch 
control problems can occur during associ- 
ated maneuvering and will be accentuated 
by ait e.g., high Mach numbers and any 
pitch rate which existed prior to inlet un- 
start. During the unstart, primary em- 
phasis must be placed upon maintaining 
pitch control in order to prevent nose up 
pitch rates and angles of attack in excess of 
eight degrees. Thrust asymmetry should 
be reduced as soon as possible. 

Aileron effectiveness is reduced at high 
altitudes and high angles of attack. Roll 
control may become critical if the unstart 
occurs on the inboard inlet during a bank. 
At altitudes above 75,000 feet, aileron con- 
trol may be ineffective in controlling roll 
during an unstart unless the angle of attack 
is immediately reduced. Aileron effective- 
ness increases rapidly as the angle of 



attack is reduced and only moderate aileron 
inputs will be required to control the roll. 
An excessive nose down attitude may re- 
sult in an over speed in KEAS and Mach if 
the inlets are restarted during a recovery 
maneuver. Therefore the restart switches 
should remain on until speed and attitude 
are fully under control. 

The roughness usually clears after the for- 
ward bypass doors open and the spikes are 
started forward manually or automatically; 
however, as much as five to eight seconds 
may be required for the spikes to reach the 
full forward position. Roughness may per- 
sist until the spikes are fully forward dur- 
ing restarts at design Mach number. 

Inlet pressure should be checked during re- 
covery. Moderate OP increase* will occur 
as the Inlet "clears" or restarts, and when 
the spike retracts to form the inlet throat 
farther aft. Return of the forward bypass 
doors to their norma! operating schedule 
should result in a further CIP increase to 
normal operating values. 

In automatic operation, unstarts which are 
caused by improper spike scheduling limit 
aircraft speed to Mach numbers below that 
for the unstarted condition. Manual sche- 
duling procedure is necessary if the air- 
craft is to be accelerated further. If an 
unstart results from marginal bypass sche- 
duling however, it may be possible to con- 
tinue at speed by adjusting the forward or 
aft inlet bypass doors to positions which 
maintain stable flow conditions. In general, 
if engine speed is maintained, less bypass 
area Is required as limit Mach number is 
approached. 

Figure 3-4 shows the operating conditions 
where airframe roughness will occur due to 
unstable inlet airflow conditions. The un- 
start boundaries are a function of Mach num- 
ber, engine speed, and spike and bypass 
door positions. The smallest roughness 
area occurs below the idle rpm range with 
the forward and aft bypass doors open and 
spike full forward. A more extensive area 
occurs with the bypass doors open but with 
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INLET UNSTART BOUNDARIES 
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Figure 3-4 
(Sheet 1 of 2) 
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INLET UNSTART BOUNDARIES 
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the spike moving in accordance with the 
automatic schedule. In both cases, the on- 
set of inlet airflow instability occurs earlier, 
i.e., at higher engine speeds, with the by- 
pass doors closed. At windmilling rpm, 
heavy roughness will occur in the speed 
range above Mach 1.3 regardless of spike 
and door positions. 

In the event of an unstart, accomplish only 
those of the following steps which are neces- 
sary to clear the inlet and return to normal 
operation. 



CAUTION 



Shut down the engine if an EGT 
overtcmperature exists for more 
than five seconds, then restart the 
inlet and the engine as soon as 
possible. 



In the event an 
as follows: 



inlet duct 



proceed 



1. SIMULTANEOUSLY DISENGAGE AUTO- 
PILOT. R EDUCE ANGLE OF ATTACK. 
AND SELECT BOTH RESTART 
SWITCHES ON. 



] 



Do not attempt to clear the un- 
started inlet by placing only one 
restart switch on. 

2. BOTH THROTTLES - MILITARY. 

3. MAINTAIN ATTITUDE CONTROL - 
OPTIMIZE PITCH AND ROLL. 

4. AIRSPEED - ADJUST TOWARD 350 
KEAS. DO NOT EXCEED MACH 3. 1. 



If roughness does not clear after 10 

seconds: 

5. AFT BYPASS switch - OPEN. 
When roughness clears: 

6. Aft bypass switch - Normal schedule. 

7. Restart Switches - FWD BYPASS 
OPEN {individually) 

8. Restart switches - OFF (individually). 
After inlet starts: 

9. Fuel derlchment arming switch - 
Recycle below 790°C EGT If derich 
actuated. 

10. Throttles - As required. 

If unstarts repeat or inlet roughness does 
not clear: 

11. Engine and inlet instrument and hy- 
draulic pressure - Check. 

12. Repeat procedure. 
If unstarts persist: 

13. Attempt inlet restart and operation 
using manual inlet controls. 



INLET CONTROL MALFUNCTION 

Automotic Spike Control Molrunction 

Manual spike control is necessary if an 
automatic spike control manfunctions. In 
this event, the spike and forward and aft 
bypass must be operated manually as pre- 
scribed in the schedule table. Use of the 
AUTO forward bypass setting results in 
open forward doors when manual spike 
positions are selected. 
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Automotic Forward Bypass Control 
Malf unction 

With the automatic spike control i 
normally, there are two options available 
for control of the forward bypass doors In 
the event their automatic control malfunc- 
tions. The manual bypass schedule table 
may be used, or, if the opposite side inlet 
controls are operating normally, the for- 
ward bypass manual setting may be adjusted 
to provide CIP which is at least 1 psi below 
the normal side indication. Note that dur- 
ing automatic spike and manual bypass op- 
eration, bypass position is controlled only 
by the pilot, and bypass position is not af- 
fected by spike position. Therefore, it is 
necessary to anticipate changes in flight 
speed or attitude which affect matching of 



Operation With Monool Inlet Control 

Maximum allowable speed is Mach 3.0. 

Manual Inlet scheduling must not be used 
above 80,000 feet. 

To Increase longitudinal stability, sufficient 
fuel should be transferred forward to obtain 
at least 0 pitch trim. This decreases the 
possibility of making inadvertent attitude 
changes which would affect CIP matching. 
Nose down pitch trim is an indication of ad- 
verse eg for this condition. However, the 
need for forward transferring should be 
weighed against the decrease in ceiling and 
range capability associated with increased 
pitch trim requirements at forward c. g. 

Maximum bank angles of 30 degrees arc 
permissible at speeds up to Mach 3.0. How- 
ever, when a small heading change is de- 
sired, using a smaller bank angle will re- 
duce the possibility of an unstart. 

When 20 degrees bank angle will be exceed- 
ed, the forward bypass should be adjusted 
to one position number lower than specified 
in the manual schedule, then the spike should 
be adjusted to 0.1 Mach number position less 



than indicated by the TDI. After completion 
of the turn, the inlet controls may be read- 
justed to the manual schedule. The spike 
should be reset first, then the forward by- 
pass. 

MANUAL SPIKE SCHEDULE 

The following schedule must be used when 
automatic scheduling is ineffective. 

Acceleration - Lag Mach number by 
0.1 Mach 

Cruise - Match Mach number. 

Deceleration - Lead Mach number by 

0.1 Mach (e.g. , spike at 
1.9, Mach setting at 
2.0 Mach on TDI). 



MANUAL BYPASS SCHEDULE 

The following schedule must be used with 
manual spike scheduling. It is optional 
when the spike and opposite inlet are op- 
erating normally. 

Condition Mach Fwd Byp. Aft Byp. 



Acceler- 
ation t< 
Cruise 

Acceler- 
ation k 
Cruise 

Deceler- 
ation 



Above. 



1.7 



Above 
2.8 



Pos. B 



Set at least 
1 psi CIP 
below the 

stripped CLOSED 
pointer. 



ALL Open 



CLOSED 



INLET UNSTABLE 

Unstable inlet conditions which produce inlet 
and airframe roughness occur at supersonic 
speeds when an inlet alternately unstarts 
and restarts rapidly, usually during decel- 
eration at reduced rpm. Inlet unstart pro- 
cedures are used first, except that the 
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throttle normally is reset to provide Mili- 
tary rpm instead of afterburning thrust 
after the unstart is cleared. Subsequent 
settings may be made as desired. Refer to 
procedure for compressor stalls In descent. 

Foilure of o Spike to Schedule or Inlet Spike 
Uretoble 

A combination of unsytnmetrlcal thrust and 
low compressor Inlet pressure on one side 
when accelerating between Mach 1.6 and 
Mach 2 indicates thai a spike has failed to 
move aft on the proper schedule. This may 
be caused by failure of the spike forward 
lock to disengage above 30,000 feet altitude. 

Spike instability is reflected by fluctuations 
of the respective hydraulic pressure gage. 
If spike oscillations are of large amplitude 
the gage fluctuations will be several hun- 
dred psi and will be indicated on the spike 
position indicators. If an unstable spike or 
failure to schedule is suspected, proceed 
as follows: 

1. Spike position - Check while between 
1.6 and Z.O Mach number. 

2. Spike control - Cycle FWD then return 
to AUTO. 

If condition continues: 

3. Forward bypass control - Manual 
schedule. 

4. Spike control - Manual schedule. 
As higher Mach number is reached: 

5. Spike and forward bypass controls - 
AUTO. 

If condition recurs or continues: 

6. Operate per spike and bypass manual 
schedule. 



COMPRESSOR STALLS 

Accelerotion and/or Overtrlm 

These stalls usually result from EOT up- 
trim and are most prevalent during throttle 
application at subsonic speeds and low com- 
pressor inlet temperatures. They may also 
occur with constant throttle settings at 
or below Military at any airspeeds. Re- 
tarding the throttle should result in the fast- 
est stall recovery. Downtrim and readjust- 
ment of the throttle should result In proper 
engine operation, 

1. THROTTLES - RETARD UNTIL STALL 
CLEARS. 

2. EGT trim switches - HOLD DOWN 1 to 
3 seconds. 

3. THROTTLES - As desired. 

4. If stall persists repeat above procedure. 

5. If stall cannot be cleared - Land as 
soon as possible. 



Compressor Stalls In Descent 

The airframe roughness characteristics 
felt during compressor stalls at supersonic 
speeds are very similar to those which oc- 
cur during inlet unstarts. If roughness is 
encountered, an unstart condition is more 
likely while above Mach 2.5 whan spike 
scheduling Is at fault. A compressor stall 
condition Is more likely at lower super- 
sonic speeds when at or near Military rpm 
with excessive bypass door opening. The 
normal descent procedure tends to avoid 
conditions which may result in compressor 
stalls, but excessive rpm reduction or 
spike too far aft precipitates unstarts. (See 
figure 3-4. ) It is best to employ the un- 
start procedure first in the event of Inlet 
disturbances until it la apparent that the 
■ pike is scheduling and that spike forward 
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Is Ineffective In clearing the roughness. 
The throttle should then be retarded slowly 
to the Idle stop If necessary, until roughness 
stops and the compressor stall Is cleared. 
Maintain this configuration for the remain- 
der of the descent until subsonic airspeeds 
arc reached. 

1. Restart switch - ON. 

2. Throttle - Reduce rpm slowly until 
stall clears. 

When subsonic: 

3. Restart switch - OFF. 



ENGINE FLAMEOUT 

Windmill ing operation at speeds between 
Mach 1.5 and 2.3 may result In heavy inlet 
roughness as illustrated by figure 3-4. If 
an Immediate air start cannot be obtained 
before the engine stabilises at windmillmg 
speeds, adjust airspeed to obtain 375 KEAS 
or at least 7 psla CIP before making further 
attempts. Engine flameout with afterburners 
on or off should be treated identically except 
for initial throttle positioning after the flame- 
out occurs. If flameout occurs with after- 
burners ON, the throttles should be re- 
tarded to minimum afterburner position to 
reduce thrust aBymmetry. If afterburners 
, are OFF at flameout the operating engine 
should be set to the thrust required by flight 
conditions. When an engine flameout la con- 
firmed by crosschecking ECT, fuel flow, 
rpm and ENP, proceed as follows: 

1. THROTTLES - AS REQUIRED. 

2. DETERMINE FLAMED OUT ENGINE. 

3. ACCOMPLISH AIRSTART PROCEDURE. 
If start Is not successful - Failed engine: 

4. Throttle - OFF. 



5. Generator - TRIP. 

6. CROSSFEED light - Check on. 

7. Compressor inlet pressure normal 
range - Check above 7 psia. 

8. Throttle - Half open. (Check TEB re- 
maining). 

NOTE 

If necessary, continue airstart 
attempts as long as TEB supply 
remains unless an obvious me- 
chanical failure has occurred. 

After start: 

9. Throttles and cockpit switches - As re- 
quired. 

If mechanical failure obvious or unable to 
start engine: 

10. Throttle - OFF. 

11. Failed engine inlet air forward and aft 
bypass door controls - OPEN above 
Mach 1.4. 

12. Cockpit air switch - EMER if left 
engine failed. 

13. Establish single engine cruise. 



DOUBLE ENGINE FLAMEOUT 
When altitude permits: 

1. ATTEMPT AIRSTART. 

When altitude is critical, or engines will 
not start: 

2. EJECT. 
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AIRSTART PROCEDURE 

NOTl 

The rea*on for initial engine 
down must be considered prior to 
initiation of restart. 

The recommended condition for air starts 
at any Mach number is 375 KEAS with CIP 
7 psi or greater. Alrstarta should not be 
attempted at lower inlet pressures, and 
airspeeds in excess of 400 KEAS should not 
be required in obtaining 7 psia. Conditions 
for airstart are more favorable when stable 
inlet condition exist; however, starts have 
been obtained while in roughnesn. Monitor 
rpm, EGT and fuel flow while making the 
start attempt. Allow 15 seconds, after ad- 
vancing the throttle, for rpm and EGT rise 
as an indication of successful start. The 
recommended procedure for airstarts is as 
follows: 

1. - THROTTLE - OFF. 

2. AIRSPEED - ADJUST TO OBTAIN 
7 PSIA CIP. 

3. FORWARD BYPASS SWITCH - OPEN. 

4. CROSSFEED - ON. 



CAUTION 



The engine shall not be intentionally 
windmilled at subsonic conditions 



CIT is less than lS^C (60 F). 
If It Is necessary to windmill the 
engine for more than five minutes 
the engine should not be restarted. 



If the engine must be restarted dur- 
ing an in-flight emergency after 
windmilllng In excess of the above 
limit maintain as high an airspeed 
as possible to raise the inlet air 
temperature prior to starting. The 
engine should then remain at idle 
until there Is an Indication the oil 
has warmed up either by extin- 
guishing of the oil temperature 
warning light if it has Illuminated 
or by a normal response of oil 
pressure to throttle movement to 
slightly above IDLE. 

If, following windmill operation In 
excess of the above limit, the engine 
must be restarted and operated at 
high thrust levels while the oil tem- 
perature light is illuminated, dur- 
ation of such operation shall be as 
brief as possible. 



5. THROTTLE - HALF OPEN. 
After start: 

6. Throttle and cockpit switches - As re- 
quired. 

If start unsuccessful (after 30 seconds): 

7. Throttle - OFF. 

8. Repeat AIRSTART attempt (check TEB 
counter). 



GLIDE DISTANCE-BOTH ENGINES INOPERATIVE 

The wlndmllling Glide Distance chart, figure 
3-6, shows zero-wind distances with both 
engines windmilllng. The glide speed* are 
in the same range as for airstart. Some- 
what slower speeds provide greater range, 
but reduced capability for successful air- 
starts. There la sufficient engine rpm for 
adequate hydraulic pressure to approxi- 
mately 10.000 feet. 




Landing with both engines inoper- 
ative should not be attempted. 
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ENGINE SHUTDOWN 

Engine shutdown should be accomplished In 
the event of complete engine failure such as 
seizure or explosion, or in the event of 
mechanical failure within the engine or en- 
gine accessories in order to avoid or delay 
complete engine failure. Mechanical failure 
situations Include uncontrollable oil tem- 
perature, EGT, or rpm, and abnormal oil 
pressure, fuel flow, or vibration. Complete 
failure probably will not permit normal wind- 
mllling operation but, if the engine continues 
to rotate, cooling fuel will circulate through 
the engine and aircraft cooling loops with 
the throttle OFF. An airstart should not be 
attempted since doing so can result In fire 
or explosion. Normal windmilllng speeds 
can be expected after shutdown for mechan- 
ical failure and fuel cooling will continue 
unless the fuel Is shut off. In some cases, 
airstart may be attempted after mechanical 
failure when conditions are favorable for 
control of oil temperature or pressure or 
EGT. 



WARNING 



Positively identify the failed i 
before employing the engine shut- 
down procedure. 



If engine shutdown Is necessary: 

l« AFT BYPASS SWITCH - OPEN. 

For the affected engine, select the 
OPEN position of the inlet aft bypasc 
switch in order to delay onset of 
roughness or inlet unstart when the 
i Is shut down. 



3. RESTART SWITCH - ON (in roughness). 

Set the Restart switch for the affected 
engine Inlet ON when roughness en- 



2. THROTTLE - OFF. 

As the throttle Is retarded, pause 
momentarily at the Military and Idle 
positions. 



5. 



This causes the forward bypass to open 
and the spike to move forward. Rough- 
ness will be encountered at approxi- 
mately Mach 2.4 and may persist to 
low supersonic speed. If an engine is 
shut down at subsonic speed, setting 
the Restart switch ON only opens the 
forward bypass as the spike Is already 
forward. 

Generator switch (affected engine) - 
OFF. 

Setting the generator switch OFF bo- 
fore the automatic cutout feature op- 
erates avoids the possibllty of electri- 
cal transients which might affect the 
navigation system. 



Emer fuel 
necessary. 



shutoff switch - Fuel off If 



Fuel shutoff stops flow through one fuel 
cooling loop system. Depending on ex- 
isting circumstances, this step may 
not bo desirable or necessary. 



WARNING 



Shutting off fuel to a windmilllng 
engine while at high Mach numbers 
may cause additional emergencies 
due to loss of cooling fuel for the 
and aircraft systems. 



If left 

6. Cockpit air switch 



Hydraulic system - Review SAS and 
hydraulic services available. 



Refer to procedures for SAS, flight 
control system, and hydraulic system 
emergencies for operating procedures. 
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8. Control c. g. 

Refer to use of forward transfer and 
croesfeed aa described under fuel 
system emergency operating pro- 
cedure* to control c. g. during tingle 
engine operation. 

9. Land a* soon aa possible. 

SINGLE ENGINE FLIGHT CHARACTERISTICS 

The aircraft dcalgn la such that no flight 
aystem la dependent on a specific engine; 
therefore, the losa of an engine will not 
result In subsequent losa of ail hydraulic or 
electrical ayatema. If an engine falls at 
low apeed just after takeoff, the large 
amount of asymmetric thrust may require 
bank toward the good engine and full rudder 
for directional control. Refer to figure 3-3 
for minimum single engine control speed a^. 
After regaining control, however, 7 to 9 
rudder trim with bank and aldealip toward 
the good engine provide minimum drag dur- 
ing acceleration to climb -out apeed. Charts 
ehowlng single engine climbout capabilities 
are Included In the performance data ap- 
pendix. Acceleration to climb apeed and 
climb to landing pattern altitude can be ac- 
complished with Maximum thru at on the op- 
erating engine when a climb capability exists 
for the operating condition. During aingle 
engine cruise, or after climbout, reduction 
to aero rudder trim and uae of bank and 
aidealip to maintain courae providea mini- 
mum drag. Up to 10 bank toward the good 
engine may be required. 

Pitch trim changes can be expected while 
dumping fuel due to shifting center of gravity 
aa the tanks empty. Directional trim ia 
quite aensltive to changes In airspeed and 
power settings during landing pattern op- 
eration. 



At high speed, engine failure or engine 
flameout could cause yaw angle to become 
critical at high rates if an effective damper 
were not operating. Temporary thrust re- 
duction on the good engine helps to counter- 
act the asymmetric thrust condition. Fol- 
low-up rudder action la neceaaary. If large 
yaw angles develop, inlet duct airflow dia- 
turbancea may cause the other engine to 
stall or flame out. 

Roughness, If encountered, ia more intenae 
with increasing KEAS and Mach number. 
The maximum structural loads imposed are 
severe, but are well below dcaign limits. 

If alrstart attempts are unsuccessful, or if 
engine failure has occurred, a descent to 
intermediate altitudes will be necessary. 
The spike should be forward and bypasa 
doors open on the windmllling engine to de- 
lay onset of roughness. Note the effect of 
Mach number and engine rpm on inlet rough- 
ness as shown by the Inlet Unstart Bound- 
aries chart, figure 3-5. Descent range can 
be extended by decelerating with minimum 
afterburning or Military thrust on the good 
engine. Base the choice on the power con- 
dition to be used for single engine cruise. 
When no alrstart I* to be attempted, decel- 
erate at 300 KEAS until subsonic cruise 
altitude is reached. A bank of up to 10 de- 
grees with aero rudder trim should be used 
to achieve best cruise performance. 

Fuel management during protracted engine 
out operation should be directed toward 
maintaining optimum center of gravity con- 
ditions, making all of the fuel available to 
the operating engine and, when possible, 
continuing the fuel cooling of necessary 
systems. Improper c. g. conditions will 
be Indicated by abnormal pitch trim re- 
quirement*. 
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Single-Engine Air Refueling 

Single onglne air refueling may be accom- 
plished using either normal or alternate 
refueling procedure!. Approximately the 
same control trim and forces as for single 
engine cruise may be used with bank angles 
up to 10 . Afterburning on the operative 
engine will be necessary when near 30,000 
feet at normal refueling speed, and a to- 
boggan may be necessary after approxi- 
mately 15,000 pounds of fuel are on board. 
Refuel hook-up may be accomplished with 
the operative engine near Military power 
at low altitudes, although lack of excess 
thrust will make the hook-up more difficult 
and a continued descent may be necessary 
as fuel is onloaded. 

NOTE 

. Trimming EGT up toward limit 
values Improves refueling alti- 
tude capability, 

. If the left engine or the left hy- 
draulic system Is Inoperative, 
right hydraulic pressure may be 
used by placing the brake switch 
In the ALT STEER & BRAKE 
position. 

. When using minimum afterburner 
at intermediate altitudes or with 
small quantities of fuel remaining, 
it may be necessary to hook-up 
while climbing in order to avoid 
overrunning the tanker. 

SINGLE ENGINE CRUISE 

Minimum A/B thrust and Military thrust 
provides the best levels of single engine 
cruise performance. Military provides the 
best range performance, but penalizes the 
aircraft in altitude capability especially at 
heavy gross weights. Minimum A/B pro- 



vides good range performance with an ample 
altitude capability. The Maximum A/B 
single engine cruise has poor range per- 
formance and should be only used In cases 
where the required cruise altitude is higher 
than the minimum A/B cruise capability. 

Since hot temperatures adversely effect 
aircraft celling, an altitude capability 
lower than shown on the charts must be 
expected on a Hot Day. 

Refer to Appendix Part IV for single engine 
cruise performance. 

AFTERBURNER FLAMEOUT 

Afterburner flameout can be expected as a 
result of engine stall or abnormal inlet op- 
eration, or Insufficient airspeed at altitude. 
Afterburner flameout may be detected by a 
loss of thrust and by comparison of nozzlo 
position indicators. The flamed -out after- 
burner nozzle will be noticeably more 
closed. Fuel will continue to flow from the 
spray bars until the throttle is retarded to 
MILITARY. Correct the inlet, engine, or 
airspeed and altitude condition before at- 
tempting afterburner relight. At high Mach 
numbers, the minimum airspeed necessary 
for afterburner operation la lower with auto- 
matic scheduling than with spike forward. 

In the event of afterburner flameout, attempt 
to relight as follows: 

1. Throttle - Retard to Military. 

2. Throttle - A/B midrange. 

Note TEB shot counter number and 
fuel flow Increase. 

3. Nozzle position - Check. 

Check for more open nozzle position. 
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If relight not successful: 

a. ECT - Increase trim. 

For CIT above 5°C, trim toward 805°C 
EGT. 

For CIT below 5°C, trim toward 825° 
to 845 C EGT range. 



CAUTION 



Uptrlm to the 825° - 845°C EGT 
range carefully due to po««lbility 
of engine surge. 

If relight by catalytic Igniters not success- 
ful: 

5. Igniter purge switch - On for two 
seconds. 



The TEB supply will be depleted 
rapidly if the igniter purge switch 
is held on for more than two sec- 
onds. 

If relight not successful: 
6. Throttle - Military. 

AFTERBURNER CUTOFF FAILURE 

If the afterburner does not cut off when the 
throttle Is retarded to Military, an attempt 
can be made to vary the thrust by retarding 
the throttle below Military. The engine 
should be shut down If thrust cannot be 
modulated satisfactorily. The fuel may 
have to be shut off If the flowmeter Indicates 
that the afterburner is dumping fuel. 



AFTERBURNER NOZZLE FAILURE 

Nozzle malfunctions may be indicated by 
the nozzle position Indicator, excessive 
rpm fluctuations, or failure of the engine 
to control to schedule speed. Tills may be 
accompanied by compressor stall and ex- 
haust gas overtemperaturc. Precautionary 
engine shut down may be necessary. 

A nozzle failed open condition will be more 
difficult to recognize at high altitude during 
afterburner operation near limit KEAS be- 
cause open nozzle position Is normal In 
these conditions. As altitude Increases and 
KEAS decreases, the nozzle gradually 
closes to 60 to 80% open as limit altitude is 
approached. A failed open nozzle will re- 
sult In abnormally high engine speeds under 
these conditions. An Increase in after- 
burning throttle position or a reduction In 
cruise altitude while maintaining cruise 
Mach number (Increasing KEAS) may permit 
cruise to be continued until the scheduled 
descent point Is reached. Nozzle position 
and rpm of the normally operating engine 
can be used as a guide in selection of the 
lower cruise altitude range where an open 
nozzle position Is normal. Be prepared to 
use less than Military throttle when the 
afterburner is shut down. 



At Intermediate altitudes, the nozzle failed 
open condition may be recognized by re- 
duction of thrust and an Increase In rpm. 
At low altitude and Mach number it will be 
necessary to rapidly retard the throttle to 
a point midway between IDLE and MILI- 
TARY to keep rpm within limits. The 
same procedure will apply when altitude 
and Mach number are decreased and the 
nozzle failure Is detected. If the thrust 
requirement la critical, such as for take- 
off, it may be practical to retain Maximum 
thrust, even with engine overspeed, until 
safe airspeed and altitude are attained. 
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A nozzle-closed failure can, in most cases, 
be detected by referring to the nozzle posi- 
tion Indicator on the instrument panel and 
by analyzing engine symptoms. There are 
no obvious symptoms of a nozzle failed 
closed without afterburning because the 
nozzle is already closed, or nearly so, at 
Military thrust. EGT and rpm may fluc- 
tuate together. Either down trim the engine 
or retard the throttle slightly and check for 
rpm suppression or ENP change. A nor- 
mally functioning nozzle will open slightly 
to maintain engine rpm. In the case of the 
nozzle failing closed, do not attempt to light 
the afterburner because the engine may 
flame out (after which It cannot be restarted 
due to reduced rpm). If the nozzle falls 
closed with afterburning, rpm suppression 
will occur, probably unstartlng the inlet 
shock wave. Compressor stall and after- 
burner flame out are extremely likely and 
EGT will probably rise. 



No zzle Foiled pjririg Cruiie 

When a reduction in thrust or rpm Is de- 
sirable or nozzle failed closed: 

1. Throttle - MILITARY or below, as re- 
quired. 

2. RPM and EGT - Maintain in limits. 



OIL PRESSURE ABNORMAL 
Low Oil Prenure 

A low oil pressure generally indicates an oil 
system malfunction. If the malfunction 
causes oil starvation of the engine bearings, 
the result will be a progressive bearing 
failure, loss of oil, and subsequent engine 
seizure. Bearing failure due to oil starva- 
tion is generally characterized by rapidly 
increasing vibration. If this occurs in con- 
junction with gage indication of pressure 
loss, reduce Mach number and altitude and 
do the following: 

1. Throttle - OFF. 

2. Land a* soon as practicable. 

High Oil Pre »»urc 

High oil pressure does not necessarily in- 
dicate a hazardous engine operation condi- 
tion unless accompanied by high oil tem- 
perature; however, the high pressure con- 
dition must be reported after flight and the 
landing should be accomplished as soon as 
practicable. 



3. Land as soon as practicable. 
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OIL TEMPERATURE ABNORMAL 

Abnormal high or low oil temperature Is In- 
dicated by illumination of the OIL. TEMP 
warning light, It la unlikely that low oil 
temperature will occur In flight with the en- 
gine operating, and a high oil temperature 
should be assumed. Abnormally high oil 
temperature could be caused by deficient lu- 
brication flow or Insufficient fuel/oil cooling. 
Abnormally low oil temp may be indicated 
before start or after extended windmilltng 
operation at subsonic speeds. In the event 
of an L or R OIL TEMP warning light il- 
lumination In flight, proceed as follows: 

1. Oil pressure - Check for normal Indi- 
cation. 

2. Speed and altitude - Seduce as required 
If at high Mach number. 

3. Fuel flow - Maintain over 12,000 pph 
(if practicable). 

If temperature can not be controlled: 

4. Throttle - OFF. 

5. Land as soon as possible. 



NOTI 

If L or R OIL TEMP warning light 
illuminates after extended windmill - 
lng operation, refer to AIR START 
procedure, this section. 



FUEL CONTROL FAILURE 

If a fuel control malfunction Is suspected, 
minimize throttle movements and monitor 
rpm and EOT closely. 



FUEL-HYDRAULIC SYSTEM FAILURE 

Fuel hydraulic system failure may be 
caused by a failed pump or a broken line or 
connector. A failed pump is indicated by 
inoperative exhaust nozzle and start and 
bypass bleed valves. Line failure la Indi- 
cated by excessive fuel flow. 

If engine fuel-hydraulic system failure Is 
suspected: 

1. Fuel flow - Check. 
If fuel flow is excessive: 

2. Throttle - Military. 

Overspeed may occur. 

3. ENP and rpm - Check. 

If exhaust nozzle position indicator does 
not reflect a more dosed position: 

4. Throttle - Between Idle and Military. 

5. Fuel ilow - Check. 

A fuel flow of approximately 8000 to 
9000 pph above normal will confirm 
a broken line. 

When below Mach 1.7: 

6. Throttle - OFF. 

7. Emergency Fuel Shutoff switch - Fuel 
off. 
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FUEL QUANTITY LOW WARNING 

U the fuel quantity low warning light comes 
on with appreciably more than 5000 pound* 
of fuel indicated remaining in tank 4, de- 
termine total fuel from the individual tank 
quantities. Monitor tank 4 quantity and land 
aa eoon aa practicable. Quantity Indications 
are affected by pitch attitude and longitudinal 
acceleration. Total quantity Indication is 
also affected by the fuel distribution In the 
individual tanks. 

If the fuel quantity low warning light does 
not come on with lea a than 5000 pounds of 
fuel indicated in tank 4, test warning light 
and land as soon as possible. 



FUEL PRESSURE LOW 

If one or both FUEL PRESS LOW warning 
lights illuminate: 

1. CROSSFEED - PRESS ON. 

2. Tanks containing fuel - Preae on. 

3. Analyze difficulty and attempt to re- 
store normal sequencing. The difficulty 
may be due to low rpm while tranafer- 
ing or dumping. 

When fuel pressure Is restored: 

4. Crossfeed - Press off. 

If pressure cannot be restored: 



FUEL TANK PRESSURIZATION FAILURE 

Fuel tank pres surlzation failure Is Indi- 
cated by the tank pressure gage and illum- 
ination of the TANK PRESSURE LOW warn- 
ing light. It may be confirmed by liquid 
nitrogen quantity remaining gage indications. 
Impending failure Is Indicated by illumi- 
nation of the N QTY LOW warning light. 

No corrective action is possible after both 
liquid nitrogen systems are depleted except 
to limit rates of descent to minimize the 
difference between fuel tank and ambient 
pressures. In descent, the fuel tank auction 
relief valve in the nose wheel well opens 
whan slightly negative tank pressures occur. 
Rates of descent should be limited so that 
tank pressure does not become less than 
-1/2 pai. 




Limit tank preaaure is -1/2 pal. 
This limit is baaed on atructural 
capabilities of the fuselage tanks. 

To descend: 

1. Descend so that minimum tank prea- 
aure limit la not exceeded. 

Adjust power and airspeed as required. 

If flight included cruise over Mach 2.6: 

2. Loiter at subsonic long range speed 
for 10 minutes if possible. 



5. Land as soon as possible. 
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If loiter not possible: 

3. Descend from FJ- 400 to FL 350 as 
■ lowly as possible. 

4. Continue descent so that minimum tank 
pressure limit Is not exceeded. 



NOTE 

Cooling will be accelerated and 
pressure may be relieved faster 
after reaching subsonic speeds 
if the nose gear Is extended. 

FUEL BOOST PUMP FAILURE 

Loss of all boost pumps can only result 
from multiple failures. It would be indi- 
cated by Illumination of both fuel pressure 
low lights. 



WARNING 



Fuel cannot be dumped with com- 
plete boost pump failure. Use 
caution If heavyweight landing is 
required. 

Partial boost pump failure may not be Indi- 
cated by the fuel pressure low lights. In- 
correct fuel sequencing and center-of- 
gravity shift may be the first indication. 
Proceed as directed for Fuel Sequencing 
Incorrect. Crosafeed may be required! 
however, when croaefeed is on. more fuel 
will tend to feed from the forward tanks 
which have boost pumps operating. This 
could cause an aft c. g. shift which might 
be hazardous when operating with a failed 
pitch SAS. 



FUEL SEQUENCING INCORRECT 

Incorrect automatic fuel sequencing la indi- 
cated primarily by the fuel boost pump 
lights. (A light may illuminate out of norm, 
sequence, or fall to illuminate on schedule. 
In this event, control the boost pumps man- 
ually until correct automatic sequencing re- 
sumes or a landing is made. It is possible 
that faulty fuel sequencing may manifest it- 
self by secondary Indications, such as a fue 
low level light coming on prematurely, or 
an abnormal adjustment required in pitch 
trim due to c. g. change by faulty fuel dis- 
tribution. Note that forward c. g. require* 
increased power to maintain speed and alti- 
tude. If normal sequencing does not resur^* 
and manual sequencing is either inconvenisc 
or Impossible, turn crosafeed on or tranafe 
fuel to ensure that any available fuel will ge 
to the engines. 

Do not permit a manually selected 
fuel boost pump to continue running 
in an empty fuel tank. The boost 
pump will be damaged. 

NOTE 

Crosafeed may be required to pro- 
vide fuel to both engines during 
fuel sequence malfunctions. 

Fuel System Monogement With Engine Shutdown 

During single engine operation with the left 
engine failed, the crossfeed valve should be 
opened after tanks 5 and 6 are emptied by 
right engine consumption. If the right 
engine has failed, empty tanks 5 and 6 by 
successive forward transfer operations. 
This accomplishes the dual purpose of 
maintaining c. g. and using all available 
fuel. 
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NOTE 

Fuel transfer capability Is lost 
when operating on battery power 
and the crossfeed valve position 
cannot be changed. An aft c. g. 
shift can be expected as fuel Is 
consumed. 

Fuel cooling is continued automatically when 
the inoperative engine is wuictmilling unless 
Its emergency fuel shutoff switch Is actuated. 

Crossfeed should never be used during for- 
ward transfer when fuel remains in tanks 5 
or 6. If it were, most of the fuel trans- 
ferred would come from the operating tank(s) 
of group 2, 3, or 4 because of the aircraft 
nose up attitude and lower fuel pressure 
head these pumps would have to overcome. 
Only a small forward c. g. shift would re- 
sult. 



EMERGENCY FUEL OPERATION 

The design and specification operating en- 
velope of the JT11D-20 engine necessitates 
operation with a fuel having special char- 
acteristics. During high Mach number op- 
eration the fuel serves not only as the 
source of energy but is used In the engine 
hydraulic system and serves also as a heat 
sink for cooling the various aircraft and 
engine accessories heated by the high am- 
bient air temperatures. This requires a 
fuel having high thermal stability so that it 
will not break down and deposit coke and 
varnishes in the fuel system passages. A 
high luminometer number (brightness of 
flame) is required to minimize transfer of 
heat to the burner parts. Other Items are 
also significant, such as the amount of 
sulphur impurities tolerated. An advanced 
fuel. PWA 523E, was developed to meet the 
above requirements. 

In addition to the fuel requirements, a 
special lubricity additive Is used with PWA 
523E to insure adequate lubrication of fuel 
and hydraulic pumps. 



Fuels such as JP-4, JP-5, and JP-6 may 
be used only for emergency requirements 
such as air refueling when standard fuel is 
not available and air refueling must be ac- 
complished or risk loss of the aircraft. 
Air refueling procedures with JP fuel are 
the same as for the approved fuel. 

When these JP fuels are used, operation 
should be restricted to a maximum Speed 
of Mach 1.5. 



ELFC TRICAL PO WER SYSTEM FAILURE 

SINGLE AC GENERATOR FAILURE 

Failure of one ac generator will be indicated 
by illumination of the warning light. One 
generator in normal operation la sufficient 
to support the entire electrical load. In the 
event of generator failure, proceed as fol- 
lows: 

1. Generator switch - RESET then re- 
lease. 

If the generator fault has been corrected, 
the generator will be reconnected to the 
system and the warning light will go out. 

If the light remains on: 

2. Failed generator switch - TRIP. 

3. Land as soon as practicable. 

If flight 1b continued with an inoperative 
engine or generator: 

Note 

Depending on flight conditions and 
prior to a possible failure of the 
other generator - forward transfer 
may be advisable. 

4. Affected generator - TRIP. 
If [ [ equipment is operating: 

5. TACAN - OFF. 
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C, i 
CAUTION I 



. Do not manually select additional 
fuel tank pumps. 

. I IF radio transmissions are limited 
to one minute of any ten minute 
period. 

DOUBLE AC GENERATOR FAILURE 

If both ac generators fail the ac buses and 
the dc monitored bus will be dead. All 
equipment normally powered from the ac 
generator buses will be Inoperative Includ- 
ing the fuel tank boost pumps which will pre- 
vent dumping and forward transfer. Manual 
pitch yaw and roll trim and EGT trim will 
also be inoperative. Instrument and panel 
lights and landing and taxi lights will be in- 
operative but cockpit lighting will be avail- 
able from the cockpit spot and floodlights. 
Q-bay equipment will be inoperative. The 
INS requires considerable electronic power 
and should be turned off unless essential 
for navigation. The autopilot and attitude 
selector switch should be placed in the FRS 
position. All engine and airplane instru- 
ments and annunciator panel indicators will 
be available except the standby attitude in- 
dicator and compressor inlet pressure Indi- 
cator. 

All other ac and dc equipment will be 
powered by the two emergency batteries but 
for maximum operating time of approxi- 
mately twenty five minutes the No. 2 and 
No. 3 inverters must be turned off. This 
will deactivate the SAS B, monitor channels 
and INS. The SAS A channel and moat 
engine and aircraft instruments will be 
powered by the No. 1 inverter with the No. 
4 inverter available for backup. 

For maximum effective operating time of at 
least 25 minutes the following equipment 
should be turned off by the individual equip- 
ment switch. 

UHF, HF, TACAN. and ADF Radio 
No. 2 and No. 3 Inverters 



INS 

Q-bay Equipment 

Autopilot and SAS B St M Channels 
Anti-collision Lights 

and X-band Beacon 




Equipment 



After 25 minutes various relays may begin 
to "drop out" and at approximately 40 min- 
utes the No. 1 inverter will deactivate. 
The A SAS channel and most electrical 
engine and aircraft instruments will become 
inoperative. The ARC 50 Inverter will con- 
tinue to operate at a reduced rate and ulti- 
mately deplete the battery. 

When subsonic the inlet control and bypass 
circuit breakers should also be pulled. 

1. Battery switch - Check BAT. 

2. Generator switches - RESET. 

3. If only one generator resets - Land as 
soon as practicable. 

4. If neither generator resets - Conserve 
batteries. 

5. Land as soon as possible. 

AC GENERATOR UNDERSPEED 

The minimum windmill speed at which the 
ac generators will supply power is approxi- 
mately 2800 rpm. If the left engine is be- 
low approx 4500 rpm the HF radio will be 
Inoperative. The left generator may be 
tripped to restore operation if the right 
engine is above 4500 rpm. 

TRANSFORMER RECTIFIER FAILURE 

One transformer rectifier will supply the 
normal electrical demands. Variable fre- 
quency ac power systems will continue to 
operate normally. A double failure of the 
transformer rectifiers removes power from 
the dc monitored bus but the INS will be op- 
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crated (rom the INS battery and No. 3 In- 
verter. The batteries will operate the dc 
essential bus and should be managed as for 
double generator failure. 

INVERTER FAILURE 

The Inverter powered systems operate from 
separate inverters. Refer to Electrical 
Power Distribution diagram, Section L 
No. 1 inverter Is the most Important with 
No. 2 and No. 3 following In order of lesser 
Importance. The No. 4 inverter is Installed 
to serve as a backup In the event of failure 
of any one Inverter. It is placed In oper- 
ation by turning the failed inverter switch 
to the EMER position. If a second inverter 
failure should occur the No. 4 Inverter will 
power the lowest numbered inverter bus 
whose switch Is In the EMER position. 

If an Inverter failure Is indicated by Illumi- 
nation of an INVERTER OUT warning light, 
proceed as follows: 

1. Failed inverter switch - EMER. 

Check that INVERTER OUT light extin- 
guishes: 

2. Illuminated SAS recycle lights - Press. 

HYDRAULIC POWER SYSTEM FAILURE 

With both engines out, the hydraulic pumps 
provide sufficient flow for satisfactory 
flight control system operation at windmill 
speeds above 3000 rpm. Reduced control 
system capability is available down to a 
windmllllng speed of approximately 1500 
rpm. With one engine windmllllng, all pri- 
mary and most utility services are supplied 
by the operating engine hydraulic systems. 
The windmllllng engine utility system pres- 
sure and flow may be sufficient to supply 
service until the engine is almost stopped. 



PRIMARY HYDRAULIC SYSTEM FAILURE 

The loss of either A or B hydraulic system 
will be indicated by the warning light on tho 
pilot's center console, the master caution 
light, and the dual A and B hydraulic pres- 
sure gage. Reduce speed to less than 350 
KEAS If either A or B system falls and turn 
Reserve Hydraulic Oil System switch on to 
the operative system (A or B). This will 
ensure a minimum of at least 3 hours of 
flight control time remaining at high speed 
cruise schedules. 

Disengagement of the failed hydraulic sys- 
tem SAS channels is necessary to maintain 
full yaw and roll damping capability. Asa 
hydraulic system failure is not sensed by 
the SAS equipment, it is necessary to double 
the SAS signal gain of the operating channel 
to give the equivalent control response In 
yaw and roll. Airspeed reduction with a 
single hydraulic system is a precautionary 
procedure which allows for the reduction 
in available hinge moment capability. Dis- 
engagement of the failed system SAS pitch 
channel Is not mandatory, but It may be 
more desirable to disengage all three chan- 
nels than only the yaw and roll switches. 
Monitor all system operations closely and 
attempt to determine if a complete failure 
is Imminent. Be prepared for ejection 
prior to complete failure. 

UTILITY HYDRAULIC SYSTEM FAILURE 

The loss of L or R hydraulic system will be 
Indicated by the dual L and R hydraulic 
pressure gage. If the pressure of the L 
system falls below 2000-2200 psl. cross- 
over for gear retraction is automatic. The 
manual release must be used to lower the 
gear. Items which are affected by the I. 
hydraulic system are normal brakes, nose- 
wheel steering, aerial refueling system and 
the left inlet control actuators. Items 
which are affected by the R hydraulic sys- 
tem are right inlet control actuators, alter- 
nate steer and brakes and air refueling sys- 
tem. 
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FLIGHT CONTROL SYSTEM FAILURE 

With both engines out, the ac generators 
furnish rated electrical power at windmill 
speeds above 2800 rpm. The emergency 
batteries provide SAS operation at lower 
windmill spoeds. There is sufficient hy- 
draulic flow to operate the control surfaces 
at satisfactory rates above 3000 rpm and 
operation at reduced rates is available to a 
windmilllng speed of approximately 1500 
rpm. 

NOTE 

During single engine operation, a 
windmilllng engine may not develop 
sufficient system hydraulic pres- 
sure to maintain operation of its 
associated SAS servo channels. To 
avoid nuisance disengagement of 
SAS channels, turn off all three 
SAS channel switches for the wind- 
milling engine hydraulic system 
when lower than normal pressure 
is indicated. Pitch and Yaw SAS 
damping will continue on one 
channel. The operative engine 
SAS roll channel must be cycled 
OFF then ON to maintain damping 
In the Roll axis. 
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FLIGHT CONTROL SYSTEM EMERGENCY 
OPERATION 



4. Operative roll channel switch - ON. 



If either the A or B hydraulic system fails, 
the control forces will not change. Either 
•yatem will operate the control surfaces, 
but at a Blower rate and with some reduction 
In control responsiveness at high KEAS and 



If control difficulties are encountered: 



1. 



Check A and B hydraulic system pres- 
sures. If either A or B hydraulic sys- 
tem has failed proceed as directed for 
A or B hydraulic system failure this 
section. 

Disengage autopilot and check control. 

Check SAS warning lights. If SAS 
failure has occurred, proceed as di- 
rected under SAS Emergency Operation 
this 



A OR B HYDRAULIC SYSTEM FAILURE 

1. Reduce spaed to less than 350 KEAS. 



z. 



Do not exceed 350 KEAS with either 
an A or B hydraulic system Inop- 
erative. If either system fails 
above this speed, reduce speed aa 
soon as possible. Flight control 
responsiveness will be reduced 
during single hydraulic system 
operation at high KEAS and Mach 
numbers, and flight maneuvers 
under these conditions should be 
held to a minimum. 

Affected SAS yaw and pitch switches 
OFF. 

SAS roll switches - OFF. 



NOTE 

When one roll SAS channel is dis- 
engaged or turned off the simplified 
logic circuit will disengage the other 
roll channel. The desired roll chan- 
nel switch must be turned OFF and 
then re-engaged to regain single 
channel roll SAS operation. 

Reserve hydraulic oil switch - To 
operative system (A or B). 



BOTH A 4 6 HYDRAULIC SYSTEMS FAILED 



1. EJECT. 



WARNING 



If both the A and B hydraulic sys- 
tems have failed all flight controls 
will be Inoperative. 



SAS EMERGENCY OPERATION 

SAS emergency operating procedures and 
the applicable flight limitations should be 
used whenever there has been a channel 
disengagement or a reduction In SAS effec- 
tiveness. Disengagement may result from 
failures of any of the following systems or 
components: SAS gyro or electronics cir- 
cuitry, flight control servos, or electrical 
power supply. Disengagement or loss of 
effectiveness may occur as a result of 
complete or partial loss of A or B System 
hydraulic power. Disengagement of any 
channel Is indicated by illumination of the 
master caution light, the SAS CHANNEL 
OUT light on the annunciator panel, and one 
or more of the recycle indicator lights on 
the SAS control panel. 
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When a malfunction la Indicated in any SAS 
uli, Initiate the following preliminary 



a. A &t D hydraulic ayatem pressures - 
Check normal. If hydraulic ayatem 
failure la Indicated, follow A and/ 
or B Hydraulic Syatem Failure 
procedure, thie aoction. 

b. INVERTER OUT Warning Ughta - 
Check. 

If Illuminated, uae Inverter Failure 
procedure, thle aectlon. 

c. Proceed to appropriate Pitch and 
Yaw ax in or Roll Axis Failure 
procedurea, this aectlon. 

A aingle failure or sequence of failure* In 
the pitch and yaw axe* which leave* one A 
or B channel operating in each of these 
axes does not change the aircraft flight 
characteristics. However, some undesir- 
able cross-coupling In the pitch and yaw 
axes may rosult from failure of one roll 
channel. Characteristics which change as 
a result of failures affecting both the A and 
B chancel servos in an axis are described 
as second condition failures with the appro- 
priate procedures. Also refer to the SAS 
Warning Lights charts, Figure 3-8. 'which 
Illustrate the probable causes of failure In- 
dications, remaining capabilities, proce- 
dures, and limits which apply after channel 
dlse 



Pitch and Yow Axil Failure* 

A "first" condition failure exists after at- 
tempts to extinguish one or more recycle 
lights are ineffective and either an A or B 
channel la operating (light Off) in each of 
the pitch and yaw axes. A "first" condition 
failure exists with a single A, B, or M 
channel light Illuminated or In some cases 
after simultaneous or progressive Illumi- 
nation of two or more of these lights, as 
Illustrated by the SAS Warning Lights Chart, 
Figure 3-8, Sheets 1 and 2. 



NOTE 

Consider that no failure exit* 
when all pitch and yaw recycle 
lights have been extinguished, 
regardless of previous combin- 
ations of Illumination, if normal 
operation of the recycle lights Is 
verified by depressing the SAS 
Lights Test button. 

Flight may be continued without restriction 
when a first condition failure exists except 
that maximum airspeed is limited to 350 
KEAS in the case of combined channel fail- 
ures due to low hydraulic system pressure. 

A "second" condition failure is defined as 
existing whenever the A and B recycle lights 
in one axis remain illuminated after attempts 
to extinguish th em are ineffective. When a 
"•econd" condition failure exists, flight 
speed is restricted to Mach Z.8 and 350 
KEAS. Transfer fuel as required to obtain 
either 2 nose up trim or 4000 pounds in 
tank 1. 



Each instance of recycle light Illum- 
ination present* a new situation and. 
If the light (s) can not be extinguished, 
the condition must be determined as 
being a "flrrt" or "second" condition 
of failure In accordance with the 
definitions provided above. 

Logic override procedures are usable after 
a "second" condition failure when the se- 
i of light Illumination Indicates that 
1 with operative servos is available. 
Refer to After Second Failures, SAS Warn- 
ing Lights Chart. When use of logic over- 
ride Is effective, flight characteristics are 
the same as with SAS fully operational. 
However as a precaution against subsequent 
hardover failures signals, the autopilot must 
not be engaged In that channel and second 
condition failure limits apply. 
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WARNING 



If logic override ia recommended, 
uae it only in the channel* speci- 
fied and only after decelerating to 
second condition failure limit 
speeds in order to prevent ex- 
cessive etructural loads which 
could result from a hardover 
failure at higher speed*. 

Neither logic override nor BUPD 
operation should be attempted with 
either channel known to have a 
failed servo. 

BUPD plus logic override procedures are 
available after a "second" condition failure 
in the pitch axis. The BUPD is optimized 
for operation at air refueling speeds, and 
it should not be operated above 330 KEAS 
or 0.85 Mach, It may or may not improve 
flight characteristics at other flight con- 
ditions. 

Logic override or BUPD plus logic over- 
ride may not be usable or effective after a 
second condition failure in the pitch axle. 
If neither can be employed, some longi- 
tudinal overcontrol probably will occur when 
at high Mach numbers. Observance of sec- 
ond failure limits is required, and descent 
to subsonic operating speeds is recom- 
mended when practicable. Air refueling 
and landing may present some difficulties in 
maintaining precise attitude control. With 
pitch SAS off and neutral c. g. there ia no 
tendency for the aircraft to return to a 
trimmed attitude when a diaplacement oc- 
curs at landing pattern speeds. However, 
divergent apeed and attitude tendencies oc- 
cur alowly enough to be completely con- 
trollable. Minimum airapeed llmlta with 
pitch SAS Inoperative (Figure 3-7) should be 
obaerved. 

If logic override procedures are not effec- 
tive or possible after a second condition 
failure in the yaw axis, testa at high Mach 



numbers indicate that neutral to slightly 
positive stability exists but that there la 
little damping of yaw oaclllatlona after they 
commence. Automatic achedullng of the 
inlet components may induce neutrally 
damped directional oaclllatlona while above 
Mach 2.8. Directional and roll control 
could become difficult in the event of an 
unstart or flameout while above Mach 2.9 
as a result of large bank angles generated 
by yawing motion. Pilot rudder Inputs 
uaually tend to aggravate thia condition. 
Theae conditions could also result in ex- 
cessive rudder surface loads at airspeeds 
above 400 KEAS. Use of both restart 
switches is recommended while deceler- 
ating in order to avoid asymmetric nacelle 
drag conditions or unatarta. 

I. Illuminated recycle llght(a) - Depreea 
and release. 



If light stays on or r eillumlnate a : 

2. Channel awitch - OFF. 

No further action is required unless a 
2nd condition failure exists. 

If another failure should occur In the same 
axis: 

3. Illuminated recycle light(s) - Depress 
and release. 



4. U light e do not extinguieh - Comply 
with limits. 



For aecond condition failure above Mach 2.8 
or 350 KEAS: 

5. Restart switches - ON (simultaneously) 
except during climb. 



NOTt 



If climbing, bleed apeed below 
350 KEAS. 

6. Throttlea - Minimum A/B. 
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SAS WARNING LIGHTS CHART 
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SAS WARNING LIGHTS CHART 
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Figure 3-8 (Sheet 2 of 2) 



When speed U stabilised below Mach 2.8 
and 350 KEAS: 

7. Restart switches - OFF. 

8. Ait bypass switches - Normal schedule. 

9. Throttles - As required. 

10. Forward transfer switch - Transfer as 
required to maintain at least 2 nose up 
trim up to 4000 lb. 

If SAS lights indicate a good servo Is avail- 
able: 

11. A or B logic override - Engage as in- 
dicated by servo availability. 



a. Pitch or yaw logic override switch - 
A or B position depending on 
failure analysis. 



B efer to SAS Warning Light Chart. 

b. Appropriate A or B channel switch- 

i ON. 



Recycle light should extinguish. 

c. If control does not improve - 
Channel switch - OFF. 

d. Logic override switch - OFF. 
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For pitch axle aecond condition failure; 
when speed la below 330 KEAS and 0.85 
Mach: 

12. BUPD - Engage at required. 

a. Pitch SAS A and B channel 
■witches - OFF. 

b. BUPD .witch - ON. 

c. Pitch logic override switch - A or 
B position as indicated by servo 
availability. 

d. Appropriate A or B pitch SAS 
channel switch - Beep ON. 
Recycle light should extinguish. 

e. If control does not Improve - 
Channel switch OFF. 

f. Logic override switch - OFF. 

g. BUPD switch - OFF. 

h. Depending on failure analysis this 
procedure may be repeated using 
other SAS channel if Indicated. 



R oll Axis Follure t 

Illumination of the roll channel disengage 
light shows that both roU channels and the 
roll autopilot are disengaged. When there 
is no apparent fault In the hydraulic systems 
or electrical power supply which would 
cause disengagement, check for a transient 
disengagement as follows: 

1- A or B channel switch - OFF, then ON. 

A transient or Intermittent fault existed if 
the light then remains off. If the light does 
not extinguish, or reillumlnates while man- 
euvering, a first condition failure exists In 
the roll mode. 

For a first failure: 

2. A and B channel switches - OFF. 



Unless the failure can be associated with a 
specific hydraulic or electrical power sup- 
ply, regain the use of one channel by the 
following arbitrary step sequence: 

3. A channel switch - ON. 

NOTl 

Be prepared to move the switch to 
OFF Immediately If a hardover 
signal results, indicating that the 
failed channel was inadvertently 
selected. 

Operation with only one roll 
channel engaged results In over- 
riding of logic circuitry. There 
is no automatic protection against 
inadvertent selection of a failed 
channel, or against subsequent 
failure of a properly operating 
channel which has been engaged. 

If a hard-over signal Is obtained on engage- 
ment or during subsequent operation, or If 
no Improvement Is noted in flight character- 
istics: 

4. A channel switch - OFF. 

5. B channel switch - ON. 



MOTE 

Be prepared to disengage the chan- 
nel Immediately if a hardover sig- 
nal results. 

If a hard-over signal is obtained on engage- 
ment or during subsequent operation, or If 
no improvement is noted In flight character- 
istics, a dual or second condition failure 
exists. 

For a second condition failure: 

6. Roll channel switches - Both OFF. 
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Some undesirable cross -coupling may occur 
during single roll SAS channel operation. 
This appears u small amplitude oscillations 
in the pitch and yaw axes, as the elcvons on 
only one aide of the aircraft respond to roU 
signals during aingle channel operation and 
compensation for the asymmetric roll sig- 
nals is provided by pitch and yaw axis con- 
trol operation. 

Scheduled activity may be continued for the 
remainder of the flight with a single roll 
SAS channel operating. The roll autopilot 
may be engaged and the automatic navigation 
feature of the INS used as desired. 

NOTl 

. Operation with both roll channels 
disengaged is permitted if cross- 
coupling about the pitch and /or 
yaw axes prevents precise aircraft 
control with one roll channel en- 

. In the event of single engine failure 
at low speed, or during single 
engine landing, failure of one roll 
SAS channel and simultaneous auto- 
matic disengagement of the other 
roll channel may occur due to loss 
of hydraulic power from the wtnd- 
milling engine. 

To avoid changes In control characteristics 
at a critical time during single engine land- 
ings, either make the approach with both 
roll SAS channels disengaged or with the 
roll channel which is powered by the Inop- 
erative engine disengaged. 



A second roll SAS channel failure while at 
high speed wUl probably be indicated by ab- 
normal pitch transients and small roll 
transients without illumination of either 
pitch or roll SAS Indicator lights. The 
symptoms may be difficult to attribute to 
roll channel failure. When pitch transients 
occur with one roll channel engaged, dis- 
engage both roll SAS channels and check 
for control Improvement. If no improve- 
ment is noted, the single roll channel may 
be reengaged If desired. 

Failure or Intentional disengagement of 
both roll SAS channels is expected to In- 
crease pilot fatigue, reduce mission effec- 
tiveness, and wlU disable the roll autopilot; 
however, no hazard to safety should result 
and there are no flight restrictions on con- 
tinued operation. 



TRIM FAILURES 

Pitch, yaw or roll trim malfunctions may be 
of the inoperative type or the runaway type. 
Hunaway trim failures In pitch may occur 
at slow speed (0.1 5°/ sec change In olevon 
defloctlon) If due to automatic trim motor 
operation or at fast speed 1/ due to manual 
trim motor operation (1.5°/ sec change In 
elevon deflection). A low speed runaway 
type of malfunction will be apparent by the 
need for constant manual pitch trimming. 
The runaway yaw trim rate is approximately 
1.5 per second trim change. The roll trim 
rate is approximately l°/eec. Runaway 
yaw trim will be accompanied by rudder 
pedal deflections as the surfaces move. 
Runaway pitch or roll trim will not be ac- 
companied by stick movement due to sur- 
face movement. 

In the event trim runaway failure la mi- 
pected, proceed as follows: 



1. TRIM POWER SWITCH - OFF. 
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If circumstances permit: 

2. Reduce »peed to below 350 KEAS and 
2.5 Mach number. 

With runaway note up pitch trim: 

3. Transfer fuel forward to reduce forward 
stick force requirement. 



WARNING 



Do not transfer fuel If no«e down 
pitch trim has occurred. 

When time and condition! permit: 

4. Autopilot - ON. Check for control Im- 
provement. 

5. Affected trim circuit breakers - Pull. 



NOTf 

Both A fc C phase circuit breakere 
must be pulled on the suspected 
circuit. 

Trim Malfunctions: 

a. If runaway slow speed pitch trim - 
Pull auto pitch trim circuit 
breakers. 

b. If runaway high speed pitch trim - 
PuU manual pitch trim circuit 
breakers. 

c. If runaway roll or yaw trim - Pull 
roll or yaw circuit breakers. 

6. Trim power switch - ON. 

With manual pitch trim inoperative and 
auto trim available, engagement of the 
pitch autopilot will gradually correct an out 
of pitch trim condition. This will relieve 
the pilot of a need for maintaining stick de- 



flection to maintain attitude. The pitch 
autopilot can also be used when the auto 
trim motor is Inoperative, but automatic 
pitch trim synchronization will not be avail 
able. 

C CAUTION 1 
maa^j 

Disengagement of the pitch auto- 
pilot when not in trim may be ac- 
companied by a considerable 
transient. 

If the trim malfunction is a runaway In the 
roll axis, right or left stick deflection will 
be required for the rest of the flight but 
stick force will not be more than normally 
required for the same amount of deflection. 
Zf the malfunction was a runaway In the 
yaw axis, rudder pedal force will be re- 
quired to maintain neutral rudder pedal 
position. 

AIR DATA COMPUTER FAILURE 

If malfunction or failure of the air data 
computer (ADC) is suspected, proceed as 
follows: 

1. Cross check TDI Instrument against 
pitot-static operated airspeed and 
altimeter. 

If cross check shows TDI to be inaccurate: 

2. Revert to use of pitot-static operated 
instruments for aircraft control. 

3. Autopilot - OFF. 



PITOT-STATIC SYSTEM FAILURE 

Under some conditions both of the pltot- 
statlc operated systems may become In- 
accurate or Inoperative from a common 
malfunction. Failure of the pltot heater 
may simultaneously affect both normal sys- 
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temi In icing conditions. The pitot probe 
could be plugged by a foreign body of suf- 
ficient size. If both systems fall, proceed 
as follows: 

1. Attempt to restore operation by se- 
lecting alternate static source. 

2. Maintain aircraft control by use of atti- 
tude and power indicating instruments. 

3. Request escort aircraft for letdown 
and landing. 



AIR COND ITIONING AND PRESSURIZATION 
FAlLUEB — 

LEFT ENGINE OR COCKPIT SYSTEM 
INOPERATIVE 

If the left 

1. Cockpit 

COCKPIT DEPRESSURIZATION 

Cockpit depressurlzation above approxi- 
mately 35,000 feet will be indicated by pres- 
sure suit Inflation. If suit Inflates, proceed 
as follows: 

1. Cockpit altitude - Check. 

If increasing or at actual aircraft altitude: 

2. Nose air - OFF. 



1 . ! 



When the nose air valve is OFF It 
will shut off pressurlzatlon and 
cooling air to the nose compartment 
and possibly result in loss of UHF, 
HF and IFF equipment. TACAN 
and normal ADF equipment located 
In the E-bay will still be available. 



If cockpit altitude does not decrease: 

3. Nose radio equipment UHF, HF and 
IFF - OFF. 

4. Nose hatch seal lever - OFF. 



If cockpit repressurlzes the pres- 
surlzatlon loss Is due to failure of 
the nose hatch seal and periodically 
the nose air and desired radio may 
be turned on for possible short time 
usage. 



WARNING 



During this time the pilot will be 
depending on the pressure suit 
only for altitude protection. 

If cockpit atUI does not repressurlzet 



5. Nose air handle and 

ON. 



6. Suit 



boost lever - EMERG. 



7. Reduce alUtude.lf possible. 

8. Radio equipment - ON only as neces- 
sary after altitude is reduced. 



COCKPIT AND VENTILATED SUIT ABNORMAL 
TEMPERATURE 

1. Defog switch - OFF. 

2. Cockpit temperature indicator - Check. 
If temperature indication is abnormal: 

3. Cockpit auto temperature rheostat - 
Rotate as desired. 
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NOTE 

The temperature control bypass 
valves are motor operated and 
travel from full hot to full cold 
or vice versa in approximately 
7 to 13 seconds. 

If auto temperature control Is not effective 
and cockpit temperature remains too high or 

low: 

4. Cockpit temperature control switch - 
HOLD in COLD or WARM as desired. 

NOTE 

In this position the temperature 
control bypass valves take 7 to 13 
seconds to travel from full hot to 
cold or the reverse. 

If no correction in temperature occurs in 
30 seconds: 

5. Cockpit system switch - EMER. 

If cockpit temperature is still abnormal: 

6. Q-Bay or emer cockpit auto temperature 
rheostat - Rotate toward COLD or 
WARM as required. 



If suit temperature cannot be controlled by 
the preceding steps: 

7. Suit flow valves - OFF. 

8. Reduce altitude and speed as required. 

Q-BAY ABNORMAL TEMPERATURE 

If the Q-BAY temperature indication is ab- 
normal, proceed as follows; 

1. Q-bay auto temp control - Rotate to- 
ward COLD or WARM as necessary. 

NOTE 

The above step should be accom- 
plished in Increments as there will 
be a Lag in the temperature indi- 
cation. 

If auto temp control Is not effective and 
Q-bay temperature remains abnormal: 

2. Q-bay and cockpit EMERGENCY AIR 
switch - HOLD in COLD or WARM 
position as necessary. 

NOTE 

The temperature control valve will 
take from 7 to 13 seconds to travel 
from full hot to full cold or the re- 
verse. 

If Q-bay temperature control system should 
fail in the cold position and heavy cockpit 
fog occurs: 

3. Q-bay system - OFF. 

4. Normal cockpit air control - Rotate to- 
wards WARM as necessary to dissipate 
cockpit fog. 
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OXYGEN SYSTEM AND PERSONAL 
EQUIPMENT FAILURES 



PRESSURE GAGE INDICATIONS 
Rite of Prossure 100 to 120 psi range 

1. System indicating normal pressure 
range - OFF. 

2. Visor opening control - Depress 3-5 
seconds. This allows Increased oxy- 
gen flow between visor and seal. 

3. System Indicating normal pressure 
range - ON. 

4. Repeat above steps if necessary. 
If no correction noted: 



5. It is safe to continue flight if pressure 
does not exceed 120 psi. 

If pressure rises above 120 psi: 

6. Malfunctioning system - OFF. 

7. Land when practicable. 

Drop of Pressure Below 50 psi 

1. Accomplish steps 1 thru 4 above. 
If no correction noted: 

2. Land when practicable. 

No Pressure on System 

1. Both systems - ON. 

2. Accomplish steps 1 thru 4 above. 
If no correction: 

3. Inoperative system - OFF. 

4. Land when practicable. 



PERSONAL EQUIPMENT INDICATIONS 
No suit pressuro when TEST IND burton 

1. Descend below suit inflation altitude. 

2. Land when practicable. 

Reduced oxygen flow in helmet - (Both system.) 

1. Green apple - Pull. 

2. Descend to safe altitude. 

3. Land when practicable. 

Constant oxygen flow in helmet 

1. Doth systems - OFF then ON. 

2. One system - OFF. 

3. Visor control - Depress 3-5 seconds. 

4. Both systems - ON 

5. Repeat on other system if necessary. 
If no correction: 

6. Both systems - OFF. 

7. Green apple - Pull. 

8. Descend to safe altitude. 

9. Land when practicable. 

Green apple loose from snap (possible octive 
system) 

1. Observe pressure gage on green apple. 
If indicator shows full: 

2. Replace green apple and continue night 
at pilot's discretion. 

flocr or no communl cot Ions 

I. Check communications lead for accl- 
". disconnect. 
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LANDING EMERGENCIES 



SINGLE ENGINE LANDING 

A single engine landing li basically the 
same as a normal landing, except that the 
pattern may be entered at any point and Is 
expanded to avoid steep turns. Airspeed 
Is maintained above the normal value on 
final approach. The outstanding difference 
from normal landings Is the noticeable 
change In directional trim with power 
changes. The most marked trim change 
will occur as the throttle is retarded during 
flare. This may be anticipated and rudder 
trim set to neutral on the trim indicator 
after final approach is established. Direc- 
tional heading is maintained by rudder pres- 
sure until thrust is smoothly reduced during 
the flare. The landing gear may be lowered 
after lining up on final approach with the 
left hydrauUc system operating; however, 
at least 90 seconds must be allowed for 
emergency gear extension if the left system 
is inoperative. 

1. Fuel - DUMP and TRANSFER as re- 
quired. 

2. HydrauUc system - Review services 
available. 

3. If left engine is inoperative, brake 
switch - ALT STEER K BRAKE. 

4. Inoperative engine SAS pitch and yaw 
switches - OFF. 

5. SAS roll switches - Both OFF. 

6. Operative engine SAS roll switch - ON. 

7. Landing gear lever - DOWN. 

8. Establish steeper than normal final 
approach. 



9. Maintain 200 KIAS minimum until land- 
ing Is assured. 



NOT! 

If it is necessary to land with more 
than 35,000 pounds of fuel remain- 
ing increase minimum approach 
speed 1 knot for each additional 
1000 pounds. 

10. Rudder trim - Neutral. 

11. When landing assured - Retard throttle. 

12. Make normal landing. 



SIMULATED SINGLE-ENGINE LANDING 

Directional trim changes will be more pro- 
nounced during an actual single engine sit- 
uation with one engine wlndmilling. 

1. Retard one throttle to IDLE. 

2. Follow Single Engine Landing procedure. 



SINGLE ENGINE GO-AROUND 

Make decision to go around as soon as pos- 
sible and definitely prior to flare. 

1. Throttle - As required. 

2. Continue approach until go-around is 
assured. 

3. Landing gear lever - UP, as appro- 
priate. 

Delay gear retraction until thero is no 
possibility of contacting the runway. 

4. Trim - Ae necessary. 

5. Accelerate to 250 KIAS. 
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LANDING GEAR SYSTEM EMERGENCIES 

GEAR UNSAFE INDICATION 

An unsafe indication could be caused by low 
L hydraulic system pressure or malfunction 
within the landing gear extension or indi- 
cating system. Upon detecting an unsafe 
gear indication, proceed as follows: 

1. Land gear control and Indicator circuit 
breakers - Chock IN. 

2. Li hydraulic pressure - Check. 

3. Recycle landing gear lever to down 
position, repeat as desired and poll 
emergency gear release handle if nec- 
essary. 

If landing gear still indicates unsafe: 

4. Landing gear position - Request visual 
confirmation. 

5. If all landing gear appear fully extended, 
make a normal landing on aide of run- 
way away from suspected unsafe gear. 
Observe the following precautions: 

a. Shoulder harness - Manually lock. 

b. Hold weight off unsafe gear as long 
as possible then allow gear to con- 
tact runway as smoothly as pos- 
sible. If nose gear is held off, 
lower nose at approximately 110 
KIAS, 

c. Allow aircraft to roll to a atop 
straight ahead, have downlocka 
Installed prior to further taxiing 
or engine shutdown. 



6. If any gear remains fully retracted, 
use Emergency Extension procedure. 

7. If all gear are not fully extended, refer 
to Partial Gear Landing procedure, 
this section. 



NOTE 

. Increasing airspeed may assist in 
locking a partially extended nose 
gear. 

. Yawing aircraft may assist in 
locking a partially extended main 
landing gear. 



GEAR EMERGENCY EXTENSION 

The emergency landing gear extension sys- 
tem unlocks the landing gear uplocks and 
allows the landing gear to free fall to the 
down and locked position. If R hydraulic 
system pressure Is available, the landing 
gear handle must be placed In the DOWN 
position or the landing gear control circuit 
breaker must be pulled to permit emer- 
gency extension. The time required for 
emergency gear extension la 60 to 90 sec- 
onds. The emergency landing gear handle 
must be pulled approximately 9 inches for 
full actuation. If It is not fully actuated, 
one or more gear may fail to extend. 

If the L hydraulic system has decreased 
below 2000-2200 psi or normal gear ex- 
tension is unsuccessful, proceed as follows: 

1. Landing gear handle - DOWN. 

2. Emergency landing gear release handle- 
PULL. 

3. Verify gear down and locked. 
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If L hydraulic system pressure low: 

4. Brake switch - ALT STEER t, BRAKE. 

NOTE 

Alternate nosewheel steering Is 
available when L system pres- 
sure decreases below 2200 psl. 

li landing gear remains retracted or landing 
gear handle sticks In the UP position: 

5. Landing gear control circuit breaker - 
PULL. 

6. Repeat steps 2 and 3 of this procedure. 

Note 

When the landing gear control cir- 
cuit breaker Is pulled nosewheel 
steering will be inoperative. 

The landing gear must not be re- 
tracted if the manual release 
handle is being held in the free fall 
(full out) position as damage to the 
system can result. The GEAR 
RELEASE handle should be per- 
mitted to return to the stowed 
position before attempting to re- 
tract the gear with the Landing 
gear lever. 

PARTIAL GEAR LANDING 

A landing with the nose gear retracted or 
with all gear up should not be attempted. 
Under ideal circumstances, a landing with 
the nose gear extended and both main 
wheels retracted may be possible. If this 
configuration can be accomplished, base a 



decision to land or eject on whether other 
factors are favorable or not. Wind veloc- 
ity and direction are Important in selection 
of the landing heading. 

If a decision is made to land, conventional 
final approach and landing speeds and atti- 
tudes are recommended. This will result 
in the tall touching while the nose is at less 
than normal height. An attempt to hold the 
aircraft off by using a higher pitch angle is 
not recommended because of the greater 
possibility of high impact loads as the nose 
gear slaps down. An empty tank 1 condition 
is desired. 

1. Accomplish nose gear only configuration 
If necessary as follows: 

a. Landing gear CONT circuit breaker- 
Push in. 

b. Landing gear lever - Up. 

c. Landing gear CONT circuit breaker- 
Pull. 

d. Manual landing gear release handle- 
Pull to release nose gear only 
(first lock releases nose gear). 
Check nose gear down light - ON. 

2. Do not transfer fuel forward. 

3. Fuel dump switch - DUMP, if neces- 
sary to reduce weight. 

4. Igniter purge switch - Dump during 
approach, 

5. Battery switch - OFF. 

6. Inertia reel lock lever - LOCK. 

7. Canopy jettison handle - Pull, if 
desired. 
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NOTt 

If the canopy ta not jettisoned prior 
to landing. It should not be unlocked 
until the aircraft has (topped. 

6. Make normal approach and landing. 
9. Drag chute handle - Pull. 

10. Use rudder* for directional control. 

11. Throttles - OFF. when directional 
control is no longer possible. 

12. Abandon aircraft as quickly aa possible. 

MAIN GEAR FLAT TIRE LANDING 

Plan the landing for minimum groaa weight 
with touchdown to be made on the aide of the 
runway away from the flat tire. It la poe- 
sible that only one or two of the three tires 
haa failed. If only one tire has failed, little 
danger exists when landing at low weight be- 
cause two tires have sufficient strength to 
support the aircraft. 

1. Touch down on good tires. 

2. Drag chute handle - Pull, as soon as 
possible. 

3. Nosewheel - Lower. 

4. Nosewheel steering - Engage. 

5. Hold weight off bad side as long as pos- 
sible using full aileron. 




Maintain IDLE rpm until flre- 
fightlng equipment arrives. 
Engine shutdown allows fuel to 
vent In the vicinity of the wheel 
brake area, thus creating a fire 
haiard. 



NOSE GEAR FLAT TIRE LANDING 

If it ia neceaaary to land with a flat nose- 
wheel tire or tires, avoid a forward c. g. 
if possible and proceed aa follows after 
making a normal touchdown. 

1. Drag chute handle - Pull. 

2. Nose gear - Hold off. 

Hold the nosewheel off aa long as 
practicable (approximately 110 KIAS ) 
and then lower gently to runway. 

3. Use nosewheel steering and differential 
braking to maintain directional control. 

After atop, before shutdown: 

4. Fuel - FWD TRANS. 



HEAVY WEIGHT LANDING 

Uso normal procedure, observing operating 
limits of Section V. 

ABBREVIATED CHECKLIST 

The emergency abbreviated checklist is 
furnished separately. 
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COMMUNICA TION AND ASSOCIATED 
ELECTRONIC^ EQUIPMENT 

The communication, electronic navigation 
and Instrument approach equipment Includes 
the following: 

AN/ARC-50 UHF Ccrornunl cation, 
direction finding and ranging equip- 



DF 203 ADF Receiver 
AN/ARN-52 TACAN EqulpmesU 
ILS Equipment 

HF (618T) Radio Equipment with 
Sel-Call Deco der 
[ | Equipment 

IFF Equipment 

AN/AIC-18 interphone Equipment 



AN/ARC-50 UHF RADIO NAVIGATION SYSTEM 

AN/ARC-50 equipment is capable of trans- 
mitting and receiving on any of 3500 channels 
In the frequency range of 225.00 to 399.95 
MC. The equipment can be operated in 
either of two basic modes; an internal (nar- 
row band) mode in which Its operation is 
compatible with any conventional UHF radio 
communication set, and an external (wide 
band) mode in which it has high resistance 
to jamming and low detectability. In this 
mode it Incorporates message privacy and 
range measurement functions. When used 
in conjunction with the UHF DF system and 
AN/ARA-50 set it provides direction finding 
capability in either mode. 

In the Internal mode power output is a nom- 
inal 30 watts minimum while In the enternal 
mode the power output is approximately 50 
watts. The power output In either mode may 
bo reduced in 10 steps of 9 db Increments 
to a fraction of a watt. 
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UHF RADIO PANELS AND INDICATORS 



11BB 

V J 



8A.NGE INDICATE!! 



BEARING DISTANCE HEADlKC INDICATOR IRDHI I 




SIGNAL DATA T8ANSLATCS 
CONTROL PANU 




1 POWER SfUCTOR SWITCH t 

2 POWER SELECTOR INDICATOR * 

3 INTERNAL- EXTERNAL SWITCH 

4 MANUAL fflEOUENCY SELECTOR Ltl 
SWITCHES AND INDICATORS II 

5 TONE BUTTON 12 

6 FUNCTION SELECTOR SWITCH I) 

7 PRESET CHANNEL SELECTOR SW I TCM M 

IS 



PRESET CHANNEL INDICATOR 
MAMJAL - PRESET - GUARD 
SU EC TOR AND INDICATOR 
VOLUME CONTROL MOB 
CODE SELECTOR SWITCHES 
RANGE ADORESS SWITCH 
RANGE INTERROGATE SWITCH 
CONTINUOUS RANGE SWITCH 
RtSPONSE LIGHT 



Figure 4-1 
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Moat of the AN/ARC-50 equipment la 
mounted In the pressurized and cooled nose 
compartment and Includea the blower cooled 
tranalator group, the receiver-transmitter 
group and a separate Inverter. AN/ARA-50 
direction finding equipment and the flush 
antenna are also mounted In the noae com- 



The AN/ARC-50 control panels are mounted 
on the pilot's left console. A range indicator 
ia mounted on the instrument panel. The di- 
rection finding equipment is also connected 
to the No. 1 needle of the BDHI when the 
equipment is operating. The communi- 
cation antenna is mounted in the lower right 
chine. Power for the equipment is pro- 
vided by the essential dc bua. The left gen- 
erator bus supplies blower and heater power. 



SIGNAL DATA TRANSLATOR CONTROL PANEL 

The translator control panel labeled UHF 
COMM ia located on the left console. It In- 
corporates provisions for control of fre- 
quency and power output, mode of operation 
and receiver volume. It provides the pilot 
with 20 preset frequency channels, provi- 
sion for manually selecting any of 3S00 fre- 
quencies and controls for operation of the 
separate fixed tuned guard channel receiver. 

Function Selector Switch 

This four position rotary switch is labeled 
OFF, MAIN, BOTH and ADF. In the OFF 
position the equipment is not energised. In 
the MAIN position the translator group 
equipment is energised with only the trans- 
mitter and main receiver operative. In the 
BOTH position the equipment is energized 
with the transmitter and both main and 
guard receivers are operative. In the ADF 
position the AN/ARA-50 equipment Is en- 



ergized and the main receiver and Die 
transmitter are operative. The No. 1 
needle of the BDHI Is also disconnected 
from the DF 203 ADF receiver or TACAN 
receiver and receives directional signals 
from the ARA-50 equipment. 

Manual -Preset-Guard Selector Lever end 
Irvdicotor 

This selector lever controls the manner of 
frequency selection. In the MANUAL, (left) 
position the manual frequency selector 
switches are activated and the frequency 
selected la visible In the cutouts above each 
switch. In the PRESET (center) position 
the preset channel selector switch la acti- 
vated and the channel selected Is displayed 
in the window below the Preset indicator. 
In the GUARD (right) position the guard 
channel frequency 1» set on the main re- 
ceiver and transmitter, and GUARD is In- 
dicated in the window below the selector 
lever knob. 

Preset Channel Selector Switch 

This switch, located In the center of the 
panel, selects one of twenty preset fre- 
quencies when the manual preset guard se- 
lector knob la poaitioned to PRESET and in- 
dicates the frequency channel selected in 
the window beneath the Preset Indicator. 
The channel numbers are blanked out when 
MANUAL or GUARD is selected. 



Frequency Selector Switches ond Indicator* 

Five rotary switches across the top of the 
panel permit manual selection of any one of 
3500 frequencies In the 225.00 to 399. 95 mc 
range. These switches are activated when 
the manual -pre set -guard selector knob Is 
positioned to MANUAL. Each switch Is 
used to select the digit displayed In the cut- 
out above. 
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INT-EXT Mode Switch 

This two position switch U labeled INT- 
EXT. In the INT position the translator 
transmits and receives narrow band AM 
signals independent of the receiver-trans- 
mitter equipment. This position is used 
for conventional UHF transmitting and re- 
ceiving. In the EXT position the signal 
translator and receiver-transmitter are 
used together to receive and transmit the 
wind band pseudo-noise encoded signals. 
The EXT position is also used for direction 
finding and7or ranging functions. The 
power selector switch may be used to re- 
gulate the transmission power in either 
position. 



Power Selector Switch and Indicator 

The rotary switch is the larger of the two 
concentric knobs and controls the output of 
the transmissions from the translator and 
receiver-transmitter combination. It has 
ten positions labeled 1 to 10 to permit set- 
ting power output from the maximum of 30 
watts (10) to a low of .3 microwatts (1) in 
9 db increments in the INT or narrow band 
mode. In the EXT or wide band mode power 
is Increased to a maximum of 50 watts 
but also may be reduced in the 9 db units to 
approximately 1.0 microwatt. The digit in 
the cutout above the knob Indicates the 
power output selected. The A position, pro- 
viding for an additional amplifier, la oper- 
ative but power output Is the same as the 10 
position. 



Volume Control 

This is the smaller center knob concentric 
with the power selector switch and adjusts 
the audio level of the receivers. Clock- 
wise rotation wiU increase volume. 



Tone Button 

This button Is located on the right side of 
the panel. When depressed, a 1020 cycle 
tone is produced for audio checking or 
transmission on either INT or EXT mode. 

RECEIVER-TRANSMITTER CONTROL PANEL 

The receiver-transmitter control panel lo- 
cated just aft of the translator control on 
the left console is used when operating in 
tho external or wide band mode only. In 
this mode of operation the AN/ARC-50 pro- 
vides the following functions: 



1. 


Secure voice communications. 


2. 


Semi Aut 


omatlc Direction Finding. 


3. 


Semi Aut 


amatic Range Measurement. 


4. 


Automatl 


B Ranging. 


5. 


Automati 
Finding. 


: Ranging and Direction 



The panel contains rotary selector and 
range address switches with position indi- 
cators, pushbutton interrogation and con- 
tinuous ranging switches and indicating 
lights and a separate response indicator 
light. These switches and lights are only 
operative when the INT-EXT mode switch 
Is In the EXT position. 

Code Selector Switches 

Five rotary type digital Indicating selector 
switches labeled SEL are provided on the 
panel. The digital window type Indicators 
have positions labeled from 0 to 7. Com- 
municating stations must have identical 
code selecting settings in order to establish 
wide band communication. 
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NOTE 

In thl» Installation only the 1st 
and 5th selector switches are 
operative giving 64 possible code 
selections. 2nd and 3rd selector 
switches must be on 0 and the 4th 
select switch must be on 6. 



Range Addrctt Switch 

The inboard or 6th rotary selector switch 
labeled ADRS-RGE is used for selective 
ranging. It has eight positions which show 
position indications of 1 thru 5 inclusive for 
5 possible range addresses. The other 
three positions are labeled A, O, and T. 
The A position allows for a range measure- 
ment on any terminal regardless of its ad- 
dress (ADRS-RGE) code. This is con- 
sidered an emergency code. The O position 
is an off position which prevents another 
terminal from ranging although voice com- 
munication capability is retained. The T 
position is a test position for checking In- 
dicator lights on the translator and re- 
ceiver transmitter panels. 

Ronge Interrogate Switch ond Indicator Light 

This pushbutton switch containing an Integral 
light is used to make interrogation of direc- 
tion and range in the external mode. When 
the translator function selector switch is in 
the ADF position the one time bearing read- 
ing will be indicated on the No. 1 needle of 
the BDHI. If the translitor function switch 
is in the MAIN or BOTH position pressing 
the INT button will provide a one tine range 
measurement in nautical miles and tenths. 
Normal time for one time directional or 
range indication is 3 seconds. The button 
is also used to establish automatic ranging 
and automatic ranging and direction finding 
in combinations with the CONT button. The 



button will be momentarily depressed and 
the light illuminated while the ranging or 
direction range is being obtained. The light 
will be extinguished after approximately 3 
seconds. 



Continuous Ronge Switch 

This pushbutton switch and integral light 
labeled CONT, when pressed, sets the re- 
ceiver-transmitter into a continuous auto- 
matic ranging or combination ranging and 
DF conditions. This condition is activated 
by the Interrogate button provided that the 
other station has previously activated their 
continuous range operation. The light is 
illuminated at both stations while continu- 
ous ranging or ranging and DF operation is 
In effect. The range Indicator and No. 1 
needle of the BDHI will be updated every 5 
seconds. Either station pressing Its CONT 
button or MIC button will terminate the 
automatic cycle. When the cycle Is com- 
pletely broken the range Indicators will re- 
turn to 000.0 miles. 



Response Light 

The response light, labeled RESP, will be 
Illuminated when the AN/ARC-SO is answer- 
ing a range measurement Interrogation from 
another aircraft or station. 



DISTANCE INDICATOR 

The distance indicator is mounted on the 
upper left side of the instrument panel and 
displays the distance between two ranging 
AN/ARC-50 sets. Negative contact will re- 
sult in a 000.0 reading. 

UHF ANTENNAS 

The UHF communication antenna is located 
on the lower right chine and remains ex- 
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tended. Provisions are available to hy- 
draulically retract the antenna flush. The 
UHF-ADF antenna is mounted on the bottom 
of the nose compartment and ia the receiv- 
ing antenna at any time the function switch 
on the translator ia in the ADF position. It 
i« optimized for the DF function and com- 
munications and ranging will be inferior 
when using this antenna for other than the 
direction finding function. 



NORMAL OPERATION 

Internal Mode UHF Communication. 

1. Microphone selector switch - UHF. 

2. Function switch - MAIN or BOTH. 

3. INT-EXT switch - INT. 

4. Power selector switch - Set. 

5. MANUAL-PRESET -GUARD lever - As 
desired. 

MOTS 

If GUARD Is selected frequency 
selection will be automatic. 

If MANUAL: 

6. Frequency selector switches - Set. 
If PRESET: 

7. Channel selector switch - Set. 

8. Mic button - Press. 



9. Volume control - As desired. 



Extemol Mode UHF Encoded Comwunlcotion 



NOTE 

External mode is applicable only 
when communication is with 
another AN/ARC-50 station. 

1. Microphone selector switch - UHF. 

2. Function switch - MAIN or BOTH. 

3. INT-EXT switch - EXT. 

4. Power selector switch - Set. 

5. MANUAL-PRESET -GUARD lever - 
MANUAL or PRESET as desired. 

NOT! 

If GUARD Is selected communi- 
cations will be In the narrow band 
conventional mode even though 
INT-EXT switch is In EXT. 

If MANUAL: 

6. Frequency selector switches - Set. 
If PRESET: 

7. Channel selector switch - Set. 

8. Code selector switches - Set* 

9. Range address switch - 0 or as desired. 

10. Mic button - Press (tone will be heard 
for approximately 1 second). 

11. Volume control - As desired. 
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Semi Automof Ic Ronging 

A one time range interrogation Is made as 
follows: 

1. Select proper frequency and power. 

2. Function switch - MAIN or BOTH. 

3. INT-EXT switch - EXT. 

4. Code Selector switch - Set. 

5. ADFS-RGE selector switch - Set. 

6. INT button - Press. Light will Illum- 
inate for approximately 3 seconds. 

When the Ught extinguishes range indication 
may be read. 

To update range reading: 

7. INT- Press. 

To communicate with range partner: 

8. Mic button - HOLD. Wait for tone to 
mute. 

Automatic Ranging 

Automatic continuous ranging with both sta- 
tions receiving continuously updated range 
information every 5 seconds la accomplished 
as follows: 

1. Frequency and power - Set. 

2. Function switch - MAIN or BOTH. 

3. INT-EXT switch - EXT. 

4. Code selector and range address 
switches - Set. 

5. Request selected range partner to 
press CONT button. 



6. CONT button - Press. 

7. INT button - Press. 

8. CONT Ught - Check on. 

9. INT and RESF light - Check alternate 
illumination. Both stations will re- 
ceive updated range readings every S 
seconds. 

NOTC 

After a continuous range is estab- 
lished. If a ranging interrogation 
cycle is not completed, the equip- 
ment will automatically re-Inter- 
rogate once. The digital range In- 
dication will be held during this 
period for approximately 10 seconds 
and. If ranging Is not re-established, 
then reset to zero. 

To resume communication: 

10. Mic button - Press. Tone will be 
heard for 0-10 seconds depending on 
which part of the ranging cycle Is In 
progress. 

NOTf 

First transmission after muting 
will be to ranging partner only. 
Subsequent transmissions will be 
heard by all stations having iden- 
tical code selections. 

11. Volume control - Adjust. 
ADF Operation 

During ADF operation the AN/ARA-50 
equipment and directional antenna are used 
for receiving, and the direction of signals 
from the responding UHF station will be In- 
dicated by the No. 1 needle of the BDHL 
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Infernol Mode Direction Finding 

For DF operation in conventional narrow 
band mode proceed as follows: 

1. Select proper frequency and power. 

2. Function switch - ADF. 

3. INT-EXT ewltch - INT. 

4. Request communicating station for con- 
tinuous transmission or i 



1. Request ranging partner to proas 
CONT 



5. Bearing to transmitting station will be 
Indicated by the BDHI No. 1 needle. 

External Mode Direct Ion Finding 

For semi automatic or one time ADF bear- 
ing proceed as follows: 

1. Select proper frequency and power. 

2. Function switch - ADF. 

3. INT-EXT switch - EXT. 

4. Code selector switch - Set. 

5. Range address switch - Set. 

6. INT button - Press momentarily. Light 
will illuminate for approximately 3 
seconds. When light is extinguished, 
bearing will be Indicated by the BDHI 
No. 1 needle. 

To update bearing: 

7. INT button - Press. 
To resume communication: 

8. Mlc button - HOLD. 

For continuous updated ranging and auto- 
matic direction bearing proceed as above 
except: 



2. CONT button - Press. 

3. INT button - Press. 



Holding the Mlc button until tone 
stops (0-8 seconds one way ADF 
and 0-12 seconds two way ADF) 
terminates the automatic ranging 
and ADF functions. The CONT 
and INT buttons will re-establish 
the continuous 
cycles. 



BEMING, DISTANCE, HEADING INDICATOR 



The bearing, distance, heading indicator 
located on the left side of the instrument 
panel contains a rotating compass card, a 
range shutter labeled OFF covering the di- 
gital distance readout, and No. 1 and No. 2 
directional indicating needles. The card 
displays true or magnetic heading depend- 
ing on the position of the INS mode switch. 
In the NAV position, 'true heading using the 
INS as a reference will be indicated at the 
lubber line. In the FRS position, magnetic 
heading from the FRS will be Indicated. The 
No. 1 needle will read an ADF bearing from 
the DF 203 unless the AN/ARC 50 is op- 
erating in the ADF mode; or TACAN bear- 
ing depending on the position of the No. 1 
needle selector switch. The No. 2 needle 
will indicate the steering direction from 
the INS. When reUable TACAN Information 
is being received the range shutter will be 
up and the range readout will represent 
slant range to the TACAN station being in- 
terrogated. 
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HF RADIO PANEL 




i 

2 FREQUENCY INDICATOR 

3 W SENSITIVITY CONTROL 

* SERVICE SELECTOR SWITCH 



figure 4-2 
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BDHI No. 1 Needle Selector Switch 

This two position switch Is located on the 
right console. It selects either the TA CAN 
or DF-203 ADF Inputs to the No. 1 BDHI 
needle, provided the AN/AHC-50 is not op- 
erating In the ADF mode. In the TACAN 
(forward) position, the No. 1 needle oX the 
BDHI Is connected to the TACAN receiver 
and the needle indicates the bearing to the 
■ elected TACAN station. In the ADF (aft) 
position, the No. 1 needle Indicates the 
bearing to the selected station. When the 
AN/ABC-50 is operating in the ADF function, 
the switch is inoperative and the No. 1 
needle Indicates the bearing to the selected 
ARC-50 station. 

COURSE INDICATOR (ID 249) 

The ID-249 course indicator is installed on 
the center instrument panel. It Is used In 
conjunction with the BDHI to Indicate course 
deviation when operating the TACAN system. 
It is also used to Indicate course and glide 
slope deviation and marker beacon passage 
when operating the ILS receivers. The In- 
dicator contains a course set knob, a course 
selector window to show course selected, a 
vertical CDI course deviation needle 
and dot deviation scale, a horizontal glide 
slope Indicator needle and dot deviation 
scale, (GSI), a TO-FROM indicator window, 
GSI & CDI warning Hags [OFF), a heading 
pointer with right and left pointer scales 
and a marker beacon light. The Indicator 
is powered by signals from the respective 
receivers. 

616T HF RADIO EQUIPMENT 

The 618T Is a long range airborne single 
side band (SSB) voice communications 
transceiver which transmits and receives 
in the 2 to 30 megacycle range. The trans- 
ceiver can be tuned In one kilocycle steps. 
The primary operating mode is SSB, using 
either the upper or lower side of the modu- 
lated signal, which allows all the power to 
amplify the aide band selected. The equip- 
ment can also transmit and receive AM 
signals. 



The equipment consists of the transceiver 
with an antenna tuner which in mounted in 
the pressurized nose compartment. The 
antenna is the pitot boom and insulated for- 
ward portion of the aircraft nose. This 
equipment has been modified to use fixed 
frequency ac power from the No. 1 inverter 
for those circuits which are frequency 
critical and variable frequency ac power 
normally furnished from the left generator 
for non-critical main ac power. A fre- 
quency sensing relay is provided to transfer 
this main ac power source If the left or op- 
erative generator bus drops below 325 
cycles (4500 engine rpm) to the ARC-50 in- 
verter if the COMM selector switch is in 
the HF position. Control circuit power is 
supplied by the essential dc bus. 

618T HF Control Ponel (714 E-2) 

The control panel for the HF equipment is 
located on the left console and contain* the 
following: 

Service Selector Switch 

This switch turns the equipment on or off 
and selects the desired operating mode. 
In the USB (upper side band) position, only 
the upper side band signal is transmitted 
or received. This is the sum of the voice 
signal and the radio frequency (rf) signal. 
In the LSB (lower aide band) position, only 
the lower side band signal Is transmitted or 
received. This signal is the difference of 
the voice signal and the rf signal. In the 
AM position the signal is amplitude modu- 
lated and both side bands and the original 
rf signal are transmitted and received. 
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Frequency Selector Switches 

The first switch selects the proper megacy- 
cle point as Indicated by the digits In the 
first two windows. It will indicate from 02 
to Z9. The frequency will Increase as the 
knob is routed clockwise and decrease as 
the knob Is routed counterclockwise. 

The 100 kc knob selects the proper one 
hundred kilocycle point and indicates from 
0 to 9 In the third window. The 10 kc knob 
selects the desired ten kilocycle point and 
indicates from 0 to 9 In the fourth window. 
The one kc knob selects the desired one 
kilocycle point and Indicates from 0 to 9 In 
the right window. 



Volume *r>ob 

This knob is used to adjust the audio level 
In the headphones. 



NORMAL OPERATION 

1. Service selector switch - Set to desired 
mode. This will turn the equipment on. 
For normal voice communication this 
may be USB, LSB or AM. 

2. Frequency selector switches - Set to 
desired operating frequency. The 
muting of sound in the headphones will 
Indicate the equipment is setting to the 
new frequency. 

Note 

The service selector switch may 
have been moved from the OFF 
position to an operating mode 
with the desired operating fre- 
quency already set up. In this 
case, rotate the ten kc select 
knob one digit off frequency and 
then back to the operating fre- 
quency. This will allow the 
equipment to return to the de- 
sired frequency. 



3. COMM selector switch - I IF. 

When background sound is again heard In 
the headphone: 

4. TBANS-button - Press. Wait for the 
equipment to tune - a 1000 cps tone will 
be heard until tuning i.-. complete, 

Whon the equipment is tuned (no 1000 cps 
tone): 

5. VOL knob - Adjust so that background 
noise in headphones is barely audible. 

EMERGENCY OPERATION 

If a short circuit exists In the output of the 
power supply, a protective circuit turns off 
the equipment. Bestore to operation as 
follows: 

I. Service selector switch - OFF, then 
back to desired operating mode. 

NOTE 

When the antenna coupler is re- 
quired to complete several con- 
secutive tuning cycles, a thermal 
relay will de-energiae the equip- 
ment. Bestore to operation as 
follows: 



1. Service selector switch - OFF. 
After two minutes the thermal 
relay will cool. 

2. Service selector switch - To de- 
sired operating mode. 

If HF and /or BW operation is required with 
inoperative engines or generators: 

1. HF k BW power switches - On. 

2. COMM selector switch - HF. 
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wore 

The COMM "elector switch must be 
in the HF position to provide con- 
tinuous HF or BW communication 
with windmilllng engines and/or in- 
operative generators. In this posi- 
tion automatic transfer of main ac 
power from the left generator to 
the ARC-50 inverter is accomplished 
if the frequency of the left generator 

I bus drops below 32S cycles or 4500 
engine rpm. At below 2800 engine 
rpm or 200 cycles the automatic bus 
transfer occurs and If the right 
engine or generator bus Is above 

| 325 cycles (4500 engine rpm) the 
frequency relay will reconnect the 
main ac power to the right gen- 
erator power source. 



SEL CALL DECODER 

The Sel Call Decoder provides a convenient 
method for the selective reception of HF 
transmissions. It will recognize a call on 
a selected channel of the HF receiver and 
unmute the receiver when the proper call 
signal Is received. The decoder operates 
in a preset Sel Call coder frequency and will 
recognise only this channel. A momentary 
contact switch and Indicating light is on the 
left console to MUTE or UNMUTE the HF 
audio circuit. The indicator light Is Illum- 
inated when the decoder is In the muted 
mode. The Sel Call Decoder is also auto- 
matically unmuted when the transmitter key 
is pressed which provides audio sidetone 
during transmission to the pilot's headset. 
Power for the Sel Call Decoder is furnished 
by the dc essential bus. 



X BAND BEACON 



compartment with the flush antenna mounted 
on the lower fuselage just aft of the nose 
boom. The EGG beacon transponder and 
antenna are mounted on the lower Q-bay 
hatch. Both beacons are controlled by a 
3 position toggle switch located on the left 
console. The switch is labeled EGG -OFF - 
TNKR, Power for the transponder is fur- 
nished by the dc essential bus. 

TACAN SYSTEM AN/ARN-52 

The TACAN system provides continuous in- 
dications of bearing and slant distance to a 
selected surface beacon or to another air- 
craft containing the necessary transponder 
equipment. The system transmits Inter- 
rogation pulses which trigger responding 
pulses from the selected ground station or 
aircraft. Slant distance to the station or 
aircraft is computed from the elapsed time. 
Both bearing and distance are visually dis- 
played on the bearing, distance heading in- 
dicator on the instrument panel. The sys- 
tem Is capable of operation on any one of 
the 216 channels and has a range of about 
300 nautical miles. The transmitting fre- 
quency range Is 1025 to 1150 megacycles. 
Frequency ranges for reception are; low 
band normal, 926-1024 megacycles, air to 
air 1088-1150 megacycles; high band nor- 
mal, 1151-1213 megacycles, air to air 
1025-1087 megacycles. Power for the 
equipment Is furnished by the left ac gen- 
erator and essential dc buses. 



AN/ARN-52 Control Pone I 

A control panel Is Installed on the right con- 
sole. The panel contains a channel selec- 
tor switch, mode selector switch and a 
volume control. 



The aircraft is equipped with an X band 
beacon and an EGG beacon. The X band 
beacon transponder is located in the nose 
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TACAN CONTROL PANEL AND INDICATORS 




COURSE INOICATO* 




SEALING DISTANCE HCAOING INDICATOR (BOH I ) 



Channel Selector Switch 



TACAN CCWTROt PANEL 

Figure 4-3 

OFF - The set is de-energiied. 



A channel selector is used to select any one 
of the available channels. Selection Is ac- 
complished by setting the desired number 
in the channel window using the concentric 
knobs. The outer knob select* the first 
two digits and the inner knob selects the 
third digit of a desired channel. 

Volume Control Knob 

Audio level of the TACAN station identifi- 
cation signals 1* increased by rotating the 
volume (VOL) control clockwise. 

Mode Selector Switch 

The mode selector switch has four positions. 



REC - The set Is energized and presents 
bearing and coarse Information on 
the BDHI and course i 



T/B - 



a* the REC position and also 
presents range In nautical miles to a 
TACAN station on the BDHI. 



A/A - Same as the REC position and also 
presents range In nautical miles 
and bearing to another properly 
equipped aircraft. 

OPERATION OF THE TACAN SYSTEM 

1. INS mode switch - FRS if operative. 

2. TACAN mode selector switch - REC. 
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1 rO-fROM INDICATOR 
? <SIID€ SLOPE SIGNAL Off FLAG 
i BEARING StUCTOR IMOICE 

4 LOCALIZER -VOR Ofr FLAG 

5 MARKER BEACON LIGHT 

6 COURSE OEVIATKW WFDlt IC.O, 1. 1 

7 HEADING INDICATOR 

rwo.nul 

Figure 4-4 



« GLIDE SIORE INDICATOR IGSH 

9 BEARING SELECTOR KNOB 

U FREQUENCY INDICATOR 

11 AUDIO IDENTIFICATION CUTOUT 

12 FREQUENCY SELECT SWITCH 

13 ILS ON LIGHT 
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Allow 90 seconds for warmup: 

3. Channel selector switch - Desired 



4. Adjust VOL as desired and verify sta- 
tion identification. 

5. No. 1 needle selector switch - TACAN. 

6. Observe bearing pointer on BDHI: To- 
From indication on course indicator. 

7. Mode selector switch - T/R, or A/A. 

8. Observe range to station or aircraft on 
BDHI. 



N° r '" 8 N D ^ anee ' He ° dlf>a lndicotof (BDHI) 



The BDHI No. 1 needle may be 
to the TACAN receiver by the BDHI No. 1 
needle selector switch. If the receiver Is 
tuned to a TACAN station, the No. 1 needle 
will indicate the bearing to the station. 
Refer to BDHI this section. 



108.0 to 112.0 and all tenths between 112.1 
thru 117.9 mcs.VOH signals will not be re- 
flected on the ID-249 course indicator. The 
associated glide slope frequencies between 
329.3 to 335 megacycles will be automati- 
cally tuned when the receiver is tuned to 
the desired localizer frequency. The lo- 
calizer ON-OFF-VOL control also activates 
the fixed tuned 75 megacycle marker beacon 
receiver and marker beacon signals are re- 
flected by coded audio tones in the headset 
and coded flashes of the single marker 
beacon light on the ID-249 course Indicator. 
As the marker beacon antenna is located on 
the inside of the nosewheel door the marker 
beacon will only be usable with the landing 
gear down. The ILS ON light is provided 
to indicate that the localizer is furnishing 
signals to the ID-249 course Indicator and 
that TACAN signal Inputs are disconnected 
from that instrument. TACAN bearing and 
range to selected stations will still be avail- 
able on the BDHL All receivers are solid 
state and operate with power furnished by 
the essential dc bus. 



IIS Control Par* I 



IIS EQUIPMENT 

ILS equipment consisting of localizer, glide 
slope and marker beacon receivers are 
provided for ILS approaches. In addition 
the equipment Includes a control panel and 
Indicating light, the 1LS converter and as- 
sociated antennas. Localizer, glide slope 
and marker beacon signals are reflected on 
the ID-249 course indicator. Localizer 
signals are not reflected by the No. 1 needle 
of the BDHI which continues to show TACAN 
or HF/UHF ADF bearings as selected. 

The localizer receiver tunes odd tenth mega- 
cycle localizer frequencies between 103.10 
to 111.90 mc. It will also tune VOR voice 
or tone signals between oven tenths from 



The ILS control panel is located on the 
lower right side of the Instrument panel. 
The panel controls consist of a ON-OFF- 
VOL control concentric with a larger fre- 
quency (megacycle) selector on the left side 
of the panel. The small knob turns the ILS 
equipment from off to on and further clock- 
wise rotation will Increase the volume of 
voice reception or tone identification. The 
larger knob selects the 3 digit megacycle 
frequency of the desired localizer station 
which la indicated in the window in the 
center of the panel. The right hand side 
control knobs are also concentric with the 
small center knob to eliminate tone iden- 
tification from the headset. The larger 
concentric knob controls the 2 digit tenths 
and hundreth mc frequency selector which 
is indicated in the frequency window. The 
ILS ON light Is located just above the panel 
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ADF CONTROL PANEL 



1 I 1 BFO 

*M V ■ OFF 




FREQUENCY 



A ADF v ANT t.i.Li'iT - ^ , Q , „ 40 84 „ J 

& o ^ i us 



V U 



8 7 6 



1 LOOP CONTROL 

2 WO SWITCH 

3 TUNE-fOR-MAX INDICATOR 
< TUNING CONTROL 

5 BAND SELECTOR SWITCH 

6 fRECWNCY INDICATOR WINDOW 
J GAIN CONTROL 

I RJWCTWN SWITCH 
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and indicate* that the TACAN receiver la 
disconnected from the ID-249 course indi- 
cator and course and glide slope deviation 
indications are from the ILS equipment. 

Operation of ILS 

1. ON-OFF-VOL switch - ON. 

2. Desired localizer frequency - Select. 

3. Volume - Adjust. 

4. Localizer station - Identify. 

5. Front course heading - Select. 

6. ILS light - Check ON. 

7. Glide slope and localizer warning flags - 
Check not visible. 



Function Switch 

The function switch is the larger of the two 
concentric knobs on the Inboard side of the 
panel. The labeled positions are OFF, 
ADF, ANT and LOOP. In the OFF position 
the equipment i* de-energized. In the ADF 
position the equipment functions as an auto- 
matic direction finder with a continuous in- 
dication of the bearing to the radio station 
shown on the BDHI if the AN/ARC-50 is 
not operating in the DF mode. In this posi- 
tion both the sense and loop antenna b are 
connected to the receiver. In the ANT posi- 
tion, received signals are obtained only 
from the sense antenna and the equipment 
functions as a conventional aural radio re- 
ceiver. In the LOOP position received sig- 
nals are obtained only from the loop anten- 
na and the equipment functions as a manual 
direction finder to enable the pilot to deter- 
mine the bearing to the radio station by 
aural null procedures. 



DF-203 ADF RECEIVER 

The DF-203 ADF radio receiver is an auto- 
matic or manual direction finder and a low 
and broadcast range aural receiver. The 
equipment consists of a radio receiver, a 
control unit, a flush sense antenna, a flush 
fixed loop antenna, a BDHI and the 
Ing cabling, antenna coupler and a 
error corrector. The receiver covers a 
frequency range of .19 to 1.75 megacycles 
In three bands. Power for the equipment 
Is furnished by the essential dc bus and the 
26 -volt Instrument transformer. 

ADF Control Ponel 

The ADF control panel is Installed on the 
right console of the cockpit. The control* 
are described below. 



Band Selector Switch 

The band selector switch is the larger of 
the concentric knobs located in the outboard 
side of the control panel and Is used to se- 
lect the desired frequency band. The cor- 
rect frequency scale will also appear in the 
frequency indicator window for the band 
selected as follows: 



Band 



r requenc 



.19 - .40 MC 
.40 - .84 MC 

.84 - 1.7S MC 



Coverage 

190 - 400 KC FAA 
Low Frequency Band 

400 - 840 KC Interna- 
tional Distress Frequency 
and Lower Broadcast 
Band 

840 - 1750 KC Upper 
Broadcast Band 
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Tuning Control 

The tuning control is the smaller of the out- 
board concentric knoba and tunes the re- 
ceiver within the frequency band (elected. 
The tuned frequency is Indicated on the 
scale of the frequency Indicator. The con- 
trol Is also rotated slightly for maximum 
reading on the tuning meter. 

loop Control 

The control labeled LOOP is used to ac- 
complish the electrical equivalent of ro- 
tating the loop (gonlo) antenna. The control 
is labeled L and R and the left or right ro- 
tation effect will be apparent in the headset 
and the tuning meter. The speed of the ro- 
tating effect may be slowed by turning the 
loop control approximately half way to the 
L or R labeled position. 



Goin Control 

The gain control la the smaller of the in- 
board concentric knobs and is provided to 
adjust the audio level of the receiver. 



NORMAL OPERATION 



Operation of the ADF Receiver os a 
Con ventionof Rod ! o Rocelve? 

L. Function switch - ANT. 

2. Band selector switch - Select desired 
band. 

3. Tuning control - Rotate to desired 
frequency and adjuet for maximum 
reading on the tuning meter. 

4. Volume - Adjust aa desired. 

5. The BFO switch can be used to tune in 
continuous wave signals or to aero 
beat modulated signals. 



Operation of the ADF Receiver Bjj on 
Autorrotlc Direction Finder 

1. Tune receiver as above and positively 
Identify the station. 

2. Function switch - ADF. 



BFO Switch 

The BFO switch when in the BFO position 
provides a beat frequency oscillator to aid 
in tuning the receiver or to receive coded 
transmissions. 



Searing, Distance, Heading Indicat or 
(BDHI) No. ) Needle 

ADF bearing Indication is provided by the 
No. 1 needle of the BDHI when the BDHI 
No. 1 needle selector switch Is in the HF/ 
UHF (aft) position and the AN/ARC-50 ADF 
is not operating. Refer to BDHI, this sec- 
tion. 



3. Tuning control,- Tune for maximum 
signal reading on tuning meter. 

4. BDHI No. 1 needle selector switch - 
ADF (aft). 

5. Read bearing to station on BDHI No. 
1 pointer. 



Operotlon of the ADF Receiver os a 
ManiiaF Direction Finder (Aural NuD) 

1. Tune receiver as above and poatively 
Identify the station. 

2. Tuning control - Tune for maximum 
signal reading on tuning meter. 
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3. BDHI No. 1 needle selector switch - 
ADF (ait). 

4. Function switch - Loop. 

5. Loop control • I or L, aa necessary, 
to acquire null. 

noti 

If the AN/ABC-50 ADF function ia 
operating, the No. 1 BOHI needle 
will remain connected to the UHF 



TRANSPONDER (IFF) - 914-X-l 

The 914-X-l transponder provides recep- 
tion, detection, decoding, encoding and 
tranamlaalon of signals In the IFF Mark X 
(SIF) system and has a locally installed 
MODE X discrete operating function. The 
transponder will also recognize a Mode 4 
Interrogation; however, the aet will not de- 
code or encode a reply without accessory 
equipment. Any one of numerous coded re- 
plies available for Modea 1, Mode 3 or X 
can be selected by rotating the appropriate 
selector switches on the panel. The s«t is 
capable of transmitting an emergency reply 
regardless of the interrogation mode. A 
provision ia also incorporated to Identify 
position of the aircraft. Power for the set 
is furnished by the easential dc bus. Addi- 
tion of the Mode X capability deletes the 
Mode 2 function from the transponder. 

TRANSPONDER (IFF) CONTROL PANEL 

The tranaponder control panel ia Installed 
on the upper left console. The panel con- 
tains two code selectors for Mode 1 and 
Mode 3/X codea, Mode 1 and Mode 3 toggle 
awltches, an I/P switch, IFF power selec- 
tor switch and an emergency switch bar. 



Power Switch 

The IFF power switch has three positions: 
Off, LO, and ON. When the switch is 
placed in the LO position only local (strong) 
Interrogations are recognized and answered. 
With the switch in the ON position, there is 
full aanaltivlty for recognition and reply. 
The IFF power switch activates Mode X 
when in the ON or LO position. Response 
to Mode 1 and Mode 3 interrogations depends 
on the poeltion of the Mode 1 and 3 toggle 
ewitchea. When the Emergency switch bar 
is up, the power switch is forced to the ON 
position. A 30 second time delay is incor- 
porated In the power switching before the 
equipment ia operative. 



Mode Swifchet 



Two two-poaition mode switches, one for 
Mode 1 and one for Mode 3, control trans- 
mission of Mode 1 and Mode 3 replies. 
Correctly coded interrogations will be an- 
swered when a mode has been made active 
by selecting the IN position. When a Mode 
1 or Mode 3 switch ia in the OUT position, 
that mode 18 not active and does not trans- 
mit upon interrogation except In Emergency. 
Mode X ia active at all times when the power 
switch lain the ON or LO poaition and ia 
not affected by the Mode I or Mode 3 toggle 
switch positions. 



Code Selectors 

Two rotating type code selectors are pro- 
vided. The code selector for Mode 1, con- 
slsts of two rotary digital indicating 
switches. The first digit window will indi- 
cate 0, I, 2, 3, 4, 5, 6, or 7. The second 
digit window will indicate 0, 1, 2, or 3. 
The Mode 3/X code selector will Indicate 0, 
1. 2, 3, 4, 5, 6, or 7 for each digital win- 
dow. The mode 3 code selection also con- 
trols the Mode X code transmission. 
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1 MODE 1COOE SELECTORS 

2 lOEKTIFICMTONOF POSITION llff I SWITCH 

3 M»E}« CODE SELECTORS 

4 WOt 3 SWITCH 

5 Iff POWB SWITCH 

6 EMERGENCY SWITCH BAR 

7 MODE 1 SWITCH 
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Emergency Switch Bor 

The emergency switch bar, when placed In 
the EMERGENCY up position, operates two 
toggle switches that controls emergency 
response and also pushes the IFF power 
switch to the ON position if it is In the off 
or LO position. When the emergency bar 
is In the up position an emergency indi- 
cating pulse group (code 7700) is transmitted 
on Mode X each time an Interrogation Is 
made on Mode X. Mode 1 and 3 are also 
turned on by the emergency bar Irrespective 
of the position of the Mode 1 and 3 In-Out 
switches. In the EMERGENCY position 
Mode 1 will respond on the code selected 
but Mode 3 will respond on code 7700 irre- 
spective of code selected. 



NOT! 

The ground radar scope Indication 
from this transponder Is coded in 
a different manner than the normal 
AN/APX-46 transponder. 



Identification of Position Switch 

The identiflcation-of-posltion (I/P) switch 
is used to control transmission of l/P pulse 
groups. The switch has three positions; 
MIC, OUT and a spring -loaded I/P position. 
When the switch Is momentarily In the l/P 
position, the l/P timer is energised for 30 
seconds. If an interrogation is recognized 
on any active mode within this 30 second 
period, l/P replies will be made. When 
the switch is In the OUT position, trans- 
mission of the I/P pulse groups is withheld. 
The MIC position is Inoperative. 

OPERATION OF THE IFF SYSTEM 

1, Power switch - ON or LO. 

2. Emergency bar - Down. 



3. Mode 1 and Mode 3 IN-OUT switches - 
As required. 

MOTE 

Mode X operation is continuous 
when the power switch is in the LO 
or ON position. For secure IFF 
operation, both the Mode 1 and 
Mode 3 toggle switches must be in 
the OUT position. 

4. I/P switch - As required. 

5. Code selectors - As required. 

To make an emergency response to Mode 
1, Mode 3 and Mode X interrogations: 

6. Emergency bar - Push up. 
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Call Knob 



The call knob la Inoperative. 



Normal-Aux-Usten Switch 

The Normal -Aux-Listen switch has two 
position*; NORMAL and AUX LISTEN. The 
NORMAL position allows all audio signals 
to pass through the AN/AIC-18 amplifier. 
The volume control knob on the AN/AIC-18 
panel Is used to adjust the audio signal In- 
tensity. The AUX LISTEN position by- 
passes the amplifier and audio intensity 
must be adjusted with the individual equip- 
ment volume control. The switch Is safety- 
wired to the NORMAL position. 



AN/AIC -18 INTERPHONE 

An AN/AIC-18 Interphone control panel is 
located behind the pilot's seat. The panel 
contain* a Call knob, Normal -Aux-Listen 
switch and a Volume control knob. Due to 
the location of the panel, the volume control 
must be preset prior to flight. No On -Off 
switch is provided and the equipment la op- 
erative whenever the essential dc bus Is 
energized. 



Microphone Switch 

A transmitter -interphone mlrcophone switch 
is installed on the control stick. The mo- 
mentary TRANS position (up) is used for 
UHF, or HF depending on the position of 
the microphone selector switch on the left con 
sole. The INPH position (down) provides 
interphone operation for communication with 
the ground crew and A/R interphone during 
refueling contact. This position is also used 
to activate' the dlctet recorder for pilot com- 
ments if recorder switch Is tn RECORD 
position. 

Throttle Mi c rophone Button 

A microphone button is provided on the 
right throttle for use during taxi, takeoff 
and landing when the nose steering must be 
held engaged. This is a pushbutton switch 
which must be held down for radio trans- 
mission. 
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Communication Selector Switch 

A three position rotary switch labeled 
COMM located on the left console -elects 
the radio or Interphone to which the micro- 
phone output will be connected. In the HF 
position the microphone output will be con- 
nected to the 618T HF radio. This position 
alio automatically provides ABC SO ac 
Inverter power to the HF when the left gen- 
erator is below correct frequency. In the 
UHF (center) position the microphone output 
1* connected to the ABC 50 UHF radio. The 
right position labeled SLL disconnects the 
microphone from all transmitters to prevent 
Inadvertent transmissions. The microphone 
connection to the Interphone system and to 
the tanker is through the refueling probe 
and Is accomplished by using the normal 
INTPH position. 

I H Volume Control 

The IFB volume control is located on the 
upper left console and when turned clock- 
wise Increases the Interphone audio volume. 
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LIGHTING EQUIPMENT 
EXTERIOR LIGHTING 
Bcocon ond Futeloge Light* 

Two retractable light* are located near the 
midpoint of the fuselage. One Is on the top 
of the fuselage and the other on the bottom. 
When the lights are retracted they are flush 
with the fuselage contour and when turned 
on will show a white light from above and 
below. The lights will extend approximately 
two inches and, when in this position and 
turned on, the red lights and reflectors ro- 
tate at 45 rpm, giving the effect of 90 flashes 
per minute. The lights are powered by the 
essential dc bus and the rotating and re- 
tracting mechanism is powered by the No. 1 
inverter. 



Beocon ond Fu telage Light Switch 

This three position switch is located at the 
forward end of the upper left console. In 
the center OFF position the lights are re- 
tracted and turned off. In the BCN LTS 
(forward) position the lights extend, illum- 
inate and route. Extension and retraction 
time is approximately 30 seconds. In the 
FUS LTS (aft) position the white lights il- 
luminate in the retracted position. 

Landing ond Taxi Light! 

A 1000 watt landing light and a 450 watt taxi 
light are mounted on either side of the nose 
gear strut. Power for the lights la fur- 
nished by the left generator bus. 

Landing ond Taxi Light Switch 

A luminous (3 dot) switch located on the left 
side of the instrument panel operates the 
landing and taxi lights. The switch has 
three positlonaj LAND (up), TAXI LT (down) 
and OFF (center). 



INTERIOR LIGHTING 



Cockpit Lighting System 

The Instruments and consoles are illumi- 
nated with edge and post lighting. In addi- 
tion, two flood lights are provided on each 
side of the cockpit and a utility spotlight is 
mounted above each console. The spot- 
lights are detachable and may be moved 
about the cockpit. Rheostats on the aft end 
of the spotlights arc used to vary their In- 
tensity. Each spotlight is provided with a 
pushbutton switch which enables the pilot 
to obtain maximum brill ance without use of 
the rheostat. Red or white light may be se- 
lected by rotating the lens color selectors 
on the front of the lights. Power for the 
instrument and console lights is furnished 
by the left generator bus. Power for the 
floodlights and utility spotlights Is furnished 
by the essential dc bus. 

Cockpit Light Switches 

Rheostat type instrument and panel light 
switches are located on the cockpit left 
console. Ten rotary positions are avail- 
able to vary light Intensities from OFF to 
BRT. The floodlight switch located on the 
outboard side of the right console varies 
the intensity of both lights from OFF to 
BRT. 



FLIGHT RECORDER 

An automatic, continuously operating flight 
recorder is normally mounted in the right 
chine of the aircraft to record airspeed, 
altitude, vertical acceleration, heading and 
elapsed time on an aluminum foil tape. The 
recorder has Its own pltot static system 
which may also be used as an alternate for 
the normal pltot-statlc system. Heading 
information for the recorder is furnished 
by the FRS compass system. Ac electrical 
power from the No. 3 inverter is used to 
keep a spring motor wound so that all in- 
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formation except heading will be recorded 
for approximately 10 minutes after elec- 
trical power is interrupted. The recorder 
pitot static system remains available as an 
alternate airspeed System when the re- 
corder is not installed. 



Flight Recorder Switch 

This toggle switch is located outboard of the 
right console and has labeled positions ON 
and OFF. 



Pitot Pressure Selector Lever 

This lever is located on the forward right 
side of the cockpit wall. It is normally 
safety-wired in the NORMAL position. In 
the event of a malfunction of the normal 
pitot static position system, the lever may 
be moved to the ALT position. This fur- 
nishes pitot static pressure from the flight 
recorder system to the aircraft flight In- 
struments and ejection seat speed sensor. 



DICTET TAPE RECORDER 

The Dlctet Tape Recorder is located on the 
left side of the canopy. It has two levers; 
one labeled REWIND, RECORD and PLAY- 
BACK and one labeled ON and OFF. It is 
preset prior to flight and is activated by the 
interphone switch. The tape is in motion 
only when the interphone switch is used and 
provides up to two hours of recording time, 

AUTOPILOT SYSTEM 

The autopilot portion of the AFCS relieves 
the pilot from manual aircraft control and 
provides a means for automatic navigation 
when coupled to the output of the INS. The 
autopilot functions are: 



1. 


Pre-engage synchronisation. 


2. 


Attitude hold in roU and pitch. 


3. 


Pitch and turn wheel inputs. 


4. 


Automatic pitch trim. 


5. 


Heading hold. 


6. 


Mach or KEAS hold. 


7. 


Auto navigation. 



The autopilot is optimized for basic missior 
cruise speed and altitude but may be used at 
other flight conditions. 

There are no restrictions on use of the roll 
autopilot. The autopilot authority is limited 
to prevent severe maneuvers due to an auto> 
pilot malfunction. The maximum^pitch 
authority below 50,000 feet is 1.3 up and 
down elevon. Above 50,000 feet the maxi- 
mum authority is 2.4 up and down elevon. 
The maximum roll authority la 4 differen- 
tial elevon. The autopilot signals are sum- 
med with SAS signals and produce control 
surface motion through the SAS electronics 
and servos. 




Do not use the autopilot when using 
BUPD. 



Autopilot control movement of the elevona 
is not reflected in control stick motion. 
Automatic pitch trim Is operative when the 
autopilot pitch channel is engaged. The 
slow speed pitch trim motor operates to 
correct for long period pitch trim changes 
and there should be no pitch transient at 
disengagement. Preengage synchronization 
of autopUot pitch and roll trim operates 
when the pitch or roll channels are disen- 
gaged. 
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Autopilot and AttiK.de Reference Selector Switch 

This selector switch is located on the right 
console outboard of the INS control panel. 
The switch ha» three positions; FB5 (for- 
ward), OFF (ccntor) and INS (aft). In the 
FRS position directional signals from the 
FES compass and attitude signals from the 
FRS pitch and roll gyros are supplied to bot> 
the autopilot and the attitude Indicator. In 
the OFF position the autopilot can not be 
engaged but pitch and roll signals from the 
FRS are furnished the attitude indicator. In 
the INS position the INS stable platform fur- 
nishes pitch and roll signals to both the 
autopilot and the attitude indicator and true 
heading directional signals are furnished to 
the autopilot. In the OFF and FRS positions 
inverter power for autopilot, air data com- 
puter, and TDI Indicator la furnished by the 
No. 1 Inverter bus. In the INS position In- 
verter power for these Items is transferred 
to the No. 3 Inverter bus. This switching 
provides the same phase of power for the 
autopilot and the air data computer as that 
provided for the FRS or INS. 

Avoid excessive switching be- 
tween FRS and INS positions 
as the resulting power trans- 
ients tend to degrade INS ac- 
curacy. 



AUTOPILOT CONTROLS AND INDICATORS 

The autopilot controls and Indicators are on 
the SAS panel located on the right console. 
The control stick is equipped with control 
stick command and emergency disengage 
switches. The circuit breakers are on the 
right and center console circuit breaker 
panels. Power Is from the essential dc bus 
and the No. 3 or No. 1 inverter. 



A^opHot Pitch Engage Switch 

A two-position pitch engage switch is lo- 
cated on the Inboard side of the autopilot 
control panel. In the ON <fwd) position, the 
pitch autopilot is engaged in the attitude 
hold mode. 

NOTE 

At least one active SAS pitch 
channel must be engaged and bank 
angle must be less than 50° before 
the pitch autopilot can be engaged. 

The switch is held in the ON position by a 
solenoid. The pitch channel may be disen- 
gaged by placing the switch to the OFF posi- 
tion, by using the disengage switch on the 
control stick, or by turning the autopilot 
selector switch OFF. 

Autopilot Pitch Trim Synchronization Indicator 

The pitch trim synchronisation Indicator 
shows the amount of pitch signal existing 
prior to engagement. An up or down dis- 
placement of the needle indicates the di- 
rection of the transient which will occur 
when the pitch channel is engaged. 

NOT! 

The pitch trim synchronization 
needle will normally be centered 
within one needle width. Engage- 
ment of the autopilot pitch channel 
with more than one needle width 
of misalignment is not r ecoim - 



Autopilot Pitch Control Wheel 

\ serrated pitch control wheel Is located 
just forward of the pitch engage switch. 
The wheel is used to make pitch attitude 
corrections when engaged in the attitude 
hold mode. Forward rotation of the wheel 
commands nose down and aft rotation com- 
mands nose up. Pitch attitude changes 1° 
for 20 of wheel rotation. 
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Autopilot Roll Engoge Switch 

A two-poeltlon roll engage switch 1» located 
on the autopilot panel. In the ON (fwd) 
position, the roll autopilot is engaged In 
the attitude hold mode. 

NOTE 

At least one SAS roll channel and 
one active SAS yaw channel must 
be engaged before the roll autopilot 
can be engaged^ Bank angle muat 
be leaa than 50 . 

The switch la held In the ON position by a 
solenoid. Autopilot signals are supplied by 
either the FRS or the INS, depending on the 
position of the autopilot selector switch. 
The roll channel may be disengaged by 
placing the switch to the OFF position, by 
using the disengage switch on the control 
stick or by turning the autopilot selector 
switch OFF. 



Autopilot Roll Trim Synchronliotlon Indicotor 

The roll trim synchronisation indicator 
shows whether or not a roll signal exists 
prior to engagement. The needle always 
deflects to the right and does not Indicate 
the direction of the transient which will oc- 
cur at engagement. 

NOT! 

Roll engagement is not recom- 
mended if the needle is deflected 
to the side of the dial, indicating 
a hardover signal. 



Autopilot Turn Control Wheel 

A serrated turn control wheel is located on 
the autopilot panel. It allows the pilot to 
make roll attitude corrections when engaged 
in the attitude hold mode. Bight rotation of 
the wheel commands right roll and left ro- 
tation commands left roll. Roll attitude 
changes 1 for 10 of wheel rotation. The 
pilot can command up to 50 of bank angle 
In the attitude hold mode. Above 50 of 
bank the roll autopilot automatically disen- 
gages to prevent the steady pitch rate from 
bottoming the pitch servos, as this would 
eliminate pitch damping capability. 

Moch/KEAS Hold Switch 

A Mach/KEAS hold switch is located on the 
inboard side of the autopilot panel. The 
Mach or KEAS hold mode is engaged when 
the switch is In the respective position, 
provided the pitch autopilot is engaged. The 
switch is held in by solenoid action. The 
autopilot then controls the pitch attitude to 
maintain the same Mach number or KEAS 
that existed at the time of engagement. 
When the Mach or KEAS hold is engaged, 
the pitch attitude hold is discontinued and 
the pitch control wheel setting should not 
be changed. Mach hold reference signals 
are supplied to the autopilot from the air 
data computer. 




Do not use the Mach/KEAS hold 
mode when the TDI indication is 
known or suspected to be in- 
accurate. 

Auto Nov Switch 



An AUTO NAV switch is located between the 
Mach/KEAS hold and heading hold switches. 
The auto nav mode Is engaged when the 
switch Is In the ON position provided the 
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roll autopilot Is engaged. The switch in 
held on by solenoid action. Steering signals 
are furnished by the INS and the autopilot 
controls the aircraft to follow the selected 
great circle course. If the heading hold 
mode was previously engaged, it will be 
disengaged when auto nav If selected. The 
bank angle is limited to 30 in the auto nav 
mode. 



Heodlng Hold Swirch 

A heading hold switch is located on the out- 
board side of the autopilot panel. The head- 
ing hold mode is engaged when the switch is 
in the ON position provided the roll auto- 
pilot is engaged. The switch is held on by 
solenoid action. Heading signals from 
either the FRS compass or INS control the 
roll axis of the aircraft to maintain the 
heading existing at the time of engagement. 
Heading hold may be engaged while in a 
bank. The autopilot will roll the aircraft 
to a wings level attitude and lock on the 
heading at time of engagement. The head- 
ing hold and auto nav switches are inter- 
locked to permit only one to be engaged at 
a time. The auto nav switch will be re- 
leased when the heading hold switch is on. 



NOTE 

When in heading hold mode the drift 
rate is similar to a free gyro rate 
and will be approximately 8 per 
hour increasing to 15° per hour in 
polar areas. 

Control Stick Commond Switch (CSC) 

A control stick command switch is located 
on the right side of the control stick. While 
the switch is depressed, both the roll and 
pitch autopilots revert to the preengage 
synchronization mode. This allows attitude 



and heading to be changed without opposition 
from the autopilot. When the switch Is re- 
leased, both the roll and pitch axes are en- 
gaged in the attitude hold mode, regardless 
of the mode that was engaged prior to de- 
pressing the CSC switch. 

Autopilot Emergency Dltengoge Switch 

A trigger -type switch located on the forward 
side of the control stick will disengage the 
autopilot completely. The autopilot is not 
reengaged when the switch is released. 

NORMAL OPERATION 
Engagement 

The autopilot is placed in normal operation 
as follows: 

1. Check SAS engaged, recycle lights out. 

2. Check pitch and roll trim preengage 
synchronization indicators aligned. 

3. Pitch and roll engage switches ON. 
These switches may he engaged together 
or separately as operation of the two is 
completely independent. 

NOTE 

Bank angle must be less than 50°. 

4. Mach/KKAS hold switch - OFF. 

5. Heading hold - As desired. 
If Auto Nav Is required: 

6. Autopilot selector switch - INS. 

7. Auto Nav switch - ON. 
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WARNING 



Do not operate manual roll or pitc h 
trim when the autopilot is engaged. 



1. Trim - As required. 

4. Autopilot pitch - ON. 

5. Maintain stabilized KEAS or Mach 
conditions for 60 seconds. 



change attitude or heading: 

CSC switch - Depress, 
er attitude and/or heading change: 

CSC switch - Release. 

Mach/KEAS hold switch - OFF. 

Autopilot selector switch - As desired. 

Heading hold or auto nav - As desired, 
disengage autopilot: 

Autopilot disengage switch - Press. 



Do not engage Mach/KEAS hold 
during turns or other maneuvers 
as undesirable transient will be 
produced. Mach/KEAS hold may 
however be left engaged during 
turns if already on. 

6. Mach/KEAS hold switch - ON as desired. 



The pitch control wheel must not 
do used during Mach/KEAS hold 
operation to prevent rapid pitch 
motion or disengagement. 



To 
1. 

Aft 
2. 
3. 
4. 
5. 
To 
1. 

or 

2. Pitch and roll engage switches - OFF. 

or 

3. Autopilot selector switch - OFF. 

Moch/KEAS Hold Engagement 

Prior to engagement of Mach/KEAS hold 
the pilot will accomplish the following: 

1. Attain desired KEAS, altitude and Mach 
number. 

2. Throttle - As required. 



To minimise altitude excursions during 
turns: 

7. Throttle - Gradually advance during 
roll in. 

8. Throttle - Gradually retard during roll 
out. 

U changing flight conditions, retrim when 
power settings arc changed more than 5%: 

9. Mach hold - OFF. 
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NAVIGATION EQUIPMENT 
FLIGHT REFERENCE SYSTEM 

The Flight Reference SyBtem and SR-3 com- 
pass is a navigation system which supplies 
information for indication and control of 
aircraft heading and attitude. It can be 
used independently of the Inertial Navigation 
System. The FRS consists of a flight re- 
ference platform, turn rate servo, Induc- 
tion compass transmitter, heading and atti- 
tude couplers for the autopilot, control 
panel, and the rotating compass cards of 
the BOHI. Either a directional gyro (DG) 
or magnetic slaved (MAC) mode can be se- 
lected to provide directional reference to 
all latitudes. In either mode: 

Heading Information is furnished - 

(1) To the autopilot when the autopilot se- 
lector switch is In the FRS position. 

(2) To the BDII1 compass card when the 
autopilot selector switch is in the FRS 
position. 

Attitude Information is furnished - 

(1) To the autopilot when the autopilot se- 
lector switch is In the FRS position. 

(2) To the attitude indicator when the auto- 
pilot selector switch is in the FRS posi- 
tion. 



Directlonol Gyro Operoting Mode 

When in the directional gyro mode' of op- 
eration, the FRS is free of magnetic influ- 
ence and operates as a directional gyro, 
indicating heading relative to an arbitrary 
reference heading selected by the pilot. It 
may be used at all latitudes, but is most 



useful when the magnetic field is weak or 
distorted or when navigating in the polar 
regions. It is more reliable than the mag- 
netic mode at latitudes near the magnetic 
poles. When in the DC mode, with proper 
hemisphere and latitude selection made on 
the control panel, the gyro is made to pre- 
ccss to compensate for apparent gyro drift 
due to earth rate at the selected latitude. 



Magnerlc Sieved Opeioting Mode 

When operating in the magnetic slaved mode, 
the FRS is basically a gyro stabilised com- 
pass slaved to the induction compass trans- 
mitter. This mode provides heading with- 
out northerly turning error or oscillations. 
It is less reliable than the DG mode at lati- 
tudes near the magnetic poles as the MAC 
mode Is subject to severe magnetic dis- 
tortion near those poles. 



FRS COMPASS CONTROL PANELS 

The COMPASS controls are located on the 
right console, immediately forward of the 
circuit breaker panel. The panel contains 
a function selector switch, set heading knob, 
latitude selector knob and indicator window, 
synchronization indicator, malfunction in- 
dicator, hemisphere selector switch, and 
a take command button. 



Toke Commond Button 

A combination button and light on the con- 
trol panel provides for transfer of control 
of the FRS by depressing the button and ob- 
serving the green light. It is not operative 
on this installation. 
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Function Selector Switch 



The two position function selector switch 
allows selection of either a magnetic head- 
ing or a free gyro reference. The DG 
(right) position x elects directional gyro 
mode; the MAG (left) position selects the 
magnetic Slaved mode. 

Hemisphere Selector Switch 

The Hemisphere Selector switch must be 
set to correspond to the hemisphere in 
which the aircraft is located. The left (S) 
position is used when in southern latitudes. 
The right (N) position is selected for 
northern latitudes. 



Latitude Selector Knob and Indicotor 

The latitude selector knob may be rotated 
to select and display latitude in degrees and 
tenths of degrees in the indicator window. 
The knob is used only In the DG mode. The 
latitude setting is used in the DG mode to 
correct the directional gyro for the apparent 
drift due to the earth's rotation. For ac- 
curate operation of the FRS in the DG mode, 
the latitude indicator must be set to coin- 
cide with the actual latitude of the aircraft 
at all times. 



The proper corrections will not be 
made if the hemisphere selector 
switch setting does not correspond 
to the hemisphere In which the 
aircraft Is located. 

Molfunction Indicotor 



A malfunction indicator is provided which 
monitors the power supply and other prime 
system functions. Any deviation of the 



monitored functions from normal operation 
will cause the Indicator to display three 
white triangles. 



Heodlng Set Knob or>d Sv-ichro ri ration Indicator 

The heading Bet knob provides a means to 
fast slave or synchronize the rotating com- 
pass card of the BDHI to the correct mag- 
netic heading or desired gyre heading, de- 
pending on the position of the function se- 
lector switch. When in the MAG mode, 
initial synchronization with the compass 
transmitter heading is obtained by pushing 
and holding the heading set knob until the 
synchronization Indicator becomes centered. 
In the DG mode, the heading is set to the 
desired initial indication by pushing and 
turning the heading set knob. Turning the 
heading set knob clockwise produces an in- 
creasing heading, with the rate of change 
being indicated by the deflection angle of 
the synchronization Indicator. 



FRS OPERATION 

1. Function selector switch - MAG or DG. 
as desired. 

2. Hemisphere selector switch - Set to 
correspond with aircraft location in 
Northern (N) or Southern (S) hemi- 
sphere. 

3. Latitude selector knob - Set to corre- 
spond with existing latitude when DG 
mode selected. 

4. Heading set knob - Synchronize or 
slave to heading desired. 

5. Autopilot selector switch - FRS. 
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Slovirtg 

The normal slaving rate of the FHS la about 
1-1/2° per minute. The gyro may be as 
much as 180° from the proper heading when 
the compass system is energized before 
takeoff, and as much as 1-1/2 hours would 
be required to slave to the correct heading 
at normal slaving rates. Manual fast slav- 
ing is provided by pushing and holding the 
heading set knob depressed. This Increases 
the slaving rate to 720° per minute and will 
correct a 180° error in 15 seconds. 

If the compass is properly slaved before 
takeoff, no in-flight manual fast slaving is 
required unless free directional gyro op- 
eration is selected. When operating in the 
free gyro mode, the desired heading can be 
established by using the heading set switch. 

The roll autopilot must be disengaged 
before attempting manual slaving 
when the TRS Is being used as a 
heading reference. 

FRS OPERATING CHARACTERISTICS 

The SB -3 flight reference platform consists 
of a single axis directional gyro which is 
attitude stabilized by a two axis vertical 
gyro. A compass transmitter is provided 
which establishes the directional reference 
while in level flight by detecting aircraft 
heading with respect to the horizontal com- 
ponent of the earth's magnetic field. When 
the system is operated in the magnetic 
mode, the directional gyro Is slaved to the 
compass transmitter at a rate of 1-1/2 
degrees/minute. When operating in the di- 
rectional gyro (DG) mode, the compass 
transmitter signal is disabled and tho head- 
ing reference is established by the direc- 
tional gyro operating as a free gyro (except 



for earth's rate latitude correction). Elec- 
trolytic gravity sensors are used in con- 
junction with pitch and roll torquer motors 
to eroct the attitude gyro to the local ver- 
tical. During periods of acceleration or 
deceleration along the flight path, heading 
and pitch attitude errors can be Introduced 
due to the following effects: 

a. The pendulously supported compass 
transmitter is displaced from the hori- 
zontal plane and becomes sensitive ts 
the vertical component of the earth's 
magnetic field. This results in an er- 
roneous heading reference. The mag- 
nitude of this error is a function of 
aircraft heading, transmitter tilt angle 
and the relative magnitude of the ver- 
tical field component. This error Is 
introduced into the system at the nor- 
mal slaving rate of 1-1/2 degrees/ 
minute. 

b. The pitch erection sensor, which Is 
acceleration sensitive, provides an 
output signal to the pitch torquer 
causing it to preccss the attitude gyro 
to a false vertical at a normal rate ox 
4 to 5 degrees /minute. 

In order to minimize the above deficiencies, 
an electrolytic fore or aft acceleration cut- 
out sensor (similar to the pitch erection 
sensor) Is provided on the pitch glmbal of 
the attitude gyro. This sensor disables the 
pitch erection and slaving circuits when a 
threshold setting of .065 g along its sen- 
sitive axis is exceeded. However, operat- 
ing as a free vertical gyro, it is subject to 
an apparent drift from the vertical due to 
the effect of the earth's profile and earth's 
rotation. These effects, coupled with the 
gyro free drift rate of 15 degrees/hr, re- 
sults in a total drift from the vertical of 
about 1 degree/mln. This displacement 
of the attitude gyro causes a gravity com- 
ponent to appear along the sensitive axis 
which acts as a bias to the horizontal ac- 
celeration signal (.065 g) which Initiates 
slaving and pitch erection cutout. When the 
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bias signal acts in opposition to the sensed 
acceleration signal the effective value may 
drop below the .065 g threshold, thereby 
restoring pitch erection and slaving while 
the aircraft Is still accelerating. The atti- 
tude gyro will then erect to a false vertical 
at the normal erection rate and the compass 
transmitter will preccss the directional 
gyro to a false heading as determined by the 
transmitter tilt angle. When the attitude 
gyro drift exceeds 3-1/2 degrees, and the 
bias signal acts to aid the sensed accele- 
ration signal; the system will maintain the 
cutout condition for an indefinite period 
after aircraft acceleration has ceased. In 
order to prevent this condition, the system 
is doslgned to limit pitch erection cutout to 
a maximum period of 4 minutes Independent 
of acceleration. 

In operational use the SR-3 system performs 
In the manner described above during per- 
iods of prolonged acceleration such as dur- 
ing acceleration-climb to supersonic cruise 
speed after takeoff and after refueling. 

During cllmbout, pitch attitude and heading 
errors increase to about 6 degrees and 8 
degrees respectively. These errors are 
eliminated at the normal rates when air- 
craft acceleration ceases. The heading 
error can be washed out very rapidly by 
pushing and holding the heading set knob on 
the FRS control panel until the synchron- 
isation indicator becomes centered. During 
aircraft turns in excess of 5 degree»/min 
the system operates as designed to cutout 
roll erection and slaving. Whenever a turn 
is initiated immediately following cllmbout. 
the accumulated climbout heading error will 
be increased and be maintained throughout 
the turn. 



INERTIAL NAVIGATION SYSTEM (INS) 

The Incrtlal navigation system ia sclf- 
uontained and operates in all modes with- 
out the use of electromagnetic radiation or 
external reierences. The system consists 
of a gyro- stabilized platform, platform 
electronics, coupler and power supply, re- 
peater and converter assembly, digital 
computer and computer power supply, con- 
trol panels, and distance-to-go, ground- 
speed, and a direction indicator. 

In operation the system displays present 
position, ground speed and the direction 
and distance to go to any of 42 preselected 
positions as continuous readouts. When 
operated in autopUot AUTO NAV, and INS 
STORED AUTO mode, the aircraft will be 
steered automatically to each point In the 
flight plan sequentially, with no pilot action 
required. IS the flight plan Is being flown 
in sequence in the STORED AUTO mode, 
the destination select light will illuminate 
if the destination displayed on the destina- 
tion select panel does not agree with the 
destination towards which the aircraft is 
flying. This light is extinguished when the 
pilot sets the selector panel to the number 
of the stored destination being approached. 

The destination select panel provides se- 
lection of destination numbered 0 through 
41. The first 27 preselected positions are 
assigned to preplanned mission destinations, 
fix points, targets, rendezvous points, or 
other points occurring sequentially during 
the mission. The computer computes and 
storos the great-circle courses between 
each pair of these numerical points, and 
the aircraft will adhere to these great cir- 
cle courses. Turns from one course to 
another will be made with bank angle op- 
timized (with a maximum bank of 30 de- 
grees) for the groundspeed and heading 
change required. The number 2 pointer of 
the BDHI will point toward the optimum 
path to follow to place the aircraft on the 
next course. If the pilot switches to a sub- 
sequent destination in STORED MANUAL 
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before: completing the route segment he is 
on, the tarn will be made in accordance with 
computer program directions. 

Position* 27 to 41 provide ADF typo steer - 
ing for course* to these points and not 
meant to be u9ed in the STORED AUTO 
mode. These positions are available for 
alternate destinations or may be used to 
employ an alternate flight path to a position 
Included in the first 27. A sufficient num- 
ber of alternate destinations is available to 
provide adequate coverage throughout the 
mission. Duplication of any of the first 27 
positions in this group provides a steering 
indication on the BDHI number 2 pointer re- 
sembling that of ADF navigation, i. e. , the 
pointer points directly to the next destina- 
tion (within a 45 degrees needle deflection). 

The basic reference of the inertia! naviga- 
tion system is provided by three single-axis 
accelerometers mounted at right angles to 
each other on a gyro- stabilized platform. 
The platform employs three floated inte- 
grating gyros, also mounted at right angles. 
The platform is Initially aligned with a co- 
ordinate reference frame, represented by 
a plane tangent to the surface of the earth 
and oriented to any convenient aiimuth at 
the point origin. The platform stable ele- 
ment Is isolated from the airframe through 
a system of three gimbals which provide 
360 degrees freedom of rotation in yaw and 
roll, and pitch angles of i_ 60 degrees. All 
platform outputs are changed to digital form 
before entering the computer. In normal 
operation the platform also provides atti- 
tude outputs in analog form through resol- 
vera and synchros to the autopilot, and the 
attitude Indicator. Conversion of present 
position to latitude and longitude readout is 
accomplished continuously by the digital 
computer when in operational mode. Cool- 
ing air, necessary to the system, is sup- 
plied by the aircraft airconditiordng and 
pressurination system. A self-contained 
heating system is Incorporated In the plat- 



form to ensure that gyros and precision 
sensing components are maintained at tem- 
perature within an optimum operating range. 
The system is powered by the No. 3 Inverter, 
the LH generator, and the monitored dc 
bus. 



NOTE 

Accuracy of INS information will 
be slightly degraded if pressure 
altitude data supplied by the air 
data computer Is lost or is in- 
accurate. 

The INS is controlled from two control 
panels, the navigation panel and the destin- 
ation select panel. (See figure 4-10). 

NAVIGATION PANEL 

The navigation control panel, located on 
the right console, consists of a DEST/FDC 
selector switch, STORE pushbutton, MODE 
selector switch, FIX ADJ knob, two sets of 
geographic coordinate digital readout win- 
dows, labeled PRESENT POSITION and 
DESTINATION/ FIX POSITION, a VARI- 
ABLE INPUT Indicator labeled LAT and 
LONG, with thumbwheels for manual Inser- 
tion of geographic coordinates and a switch 
for selection of N or S latitude. The con- 
trols and indicators are as follows: 



Mode Selector Switch 

The mode switch is a rotary selector switch 
with five positions, labeled as follows: OFF, 
RST, ALGN, NAV, and FRS. 

uon 

During flight the MODE switch must 
not be switched to any position other 
than NAV or FRS, otherwise the INS 
will be deactivated and will not func- 
tion until the switch is moved through 
OFF, RST, and ALGN positions In 
conjunction with the ground operating 
equipment and normal INS preflight 
procedure. 
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Figure 4-10 
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CAUTION 



Do not move the MODE selector 
switch from the OFF position In 
flight if the IN5 has not been cycled 
from OFF to the NAV mode prior to 
flight. The INS system will be 
damaged. 

RST Mode 

The RST (reset) mode is used only on the 
ground during INS prcflight when the plat- 
form has reached operating temperature, 
it permits the ground operating equipment 
(GOE) operator to check correct power 
switchover from ground to aircraft power, 
start the gyro spin motors, and make the 
computer ready for use. 

ALGN Mode 

The INS must be completely warmed up, 
stabilized, and aligned to a coordinate re- 
ference frame before it can be operated. 
This is necessary to minimize the drift of 
the stable reference platform once it is 
aligned to the coordinate reference frame. 
The complete warmup and alignment pro- 
cedure at normal ambient conditions takes 
about 1-1/2 hours. During this period the 
destination loading operation is accom- 
plished, normally by use of a punched tape. 
However, the coordinates of the present 
location and 42 destinations or targets may 
be set In manually by the VARIABLE INPUT 
thumbwheels and N-S selector and entered 
Into the computer memory by pushing the 
STORE pushbutton for each position. After 
a period of gyro stabilisation, the platform 
is torqued to the coordinate reference 
frame and the gyros are drift-trimmed. 
The two transverse horizontal acceler- 
ometers are used to sense the local vertical 
and their outputs arc used in the servo 
loops that torque the platform and measure 



the amount of gyro drift. The presence of 
output signals from each accclerometer in- 
dicates that the platform is not level in that 
axis. While level aignment of the platform 
is being accomplished automatically, plat- 
form azimuth is aligned with a selected re- 
ference which Is transferred to the plat- 
form by the ground operator. The platform 
Is drift-trimmed at the reference points 
thus established, and the drift will be re- 
duced to certain preestablished rates be- 
fore the system can be operated. There is 
a detent between NAV and ALGN positions 
and the MODE switch cannot be moved 
either way between these two positions un- 
less it Is depressed. 

NAV Mode 

Switching to the NAV mode permits the 
GOE to be disconnected, and places the 
platform In the operational mode. The 
gyros arc essentially memory devices that 
memorize the coordinate frame established. 
The system operates using these memoriz- 
ed coordinates to perform the navigation 
problem, and the accelerometers measure 
translations of the platform caused by 
movement of the aircraft. The acccler- 
ometer outputs are Integrated once to pro- 
vide velocity on each axis, and a second 
time to establish their displacement from 
the point of origin. These displacements 
(distances flown) arc translated into geo- 
graphical position coordinates by the com- 
puter. In addition to indicating position 
coordinates to the pilot, this position is 
also used to torque the platform to the lo- 
cal vertical and azimuth as the aircraft 
changes position. The coordinate frame 
thus rotates about the earth to retain its 
orientation on a plane tangent to the sur- 
face of the earth at the position of the air- 
craft. 
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FRS Mode 

The flight reference system Is the primary 
backup tor the INS. Normally, the INS is 
operated with the awltch In the NAV posi- 
tion, but the pilot may nwitch to the FRS 
position at any time to check FRS operation. 
When the switch Is In the NAV mode, the 
BDHI rotating compass card Indicates INS 
true heading! when In the FRS mode, the 
card Indicates magnetic heading. When the 
switch is moved from the NAV to the FRS 
mode, the INS syatem continues to operate 
normally. 



If the INS should fail, the MODE 
switch should be moved to the 
FRS mode without delay in order 
to retain a heading indication on 
the BDHI display. 

DEST/FIX Switch 

The DEST/FIX {destination or fix) switch is 
a five-position rotary selector switch with 
positions as follows: 

STORED 

AUTO, FDC, MAN 

VARIABLE 

FDC, DEST 

STORED AUTO. The INS will automatically 
sequence consecutively through the 42 pre- 
stored destinations as each Is reached when 
the switch is in the STORED AUTO position. 

STORED FIX. To use a prestored destin- 
ation as a fix point, the switch is set to the 
STORED FDC position, the destination se- 
lect panel Is set to the desired destination 
number, and the STORE pushbutton is de- 



pressed when the fix point crosses the hor- 
izontal line on the periscope screen. 

STORED MAN. To select any of the 42 pre- 
stored coordinate positions as a destination, 
out of the automatic consecutive sequence, 
the switch Is set to the STORED MAN 
(manual) position, the destination select 
panel is set to the desired destination 
number, and the STORE pushbutton is de- 
pressed. 

VARIABLE FDC. To use a variable (un- 
stored) fix point as a point of reference, 
the switch is set to the VARIABLE FDC 
position, the VARIABLE INPUT thumb- 
wheels are set to the flxpolnt coordinates, 
and the STORE pushbutton Is depressed 
when the fix point crosses the horizontal 
line on the periscope screen. 

VARIABLE DEST. To select a variable 
(unstored) destination, the switch Is set to 
the VARIABLE DEST (destination) position, 
the VARIABLE INPUT thumbwheels and 
N-S selector are set to the desired coordi- 
nates, and the STORE pushbutton Is de- 
pressed. 

FIX A DJ Knob 

The fix-adjust knob, labeled FDC ADJ, con- 
trols a Qlght cursor on the periscope and 
is used to update the INS by means of visual 
fixes on known coordinate points. It is not 
necessary to fly directly over the fix point 
to obtain useful data. Viewing the fix point 
on the screen, the pilot positions the cursor 
with the FDC ADJ knob to coincide with the 
fix point as it crosses the horizontal re- 
ference line on the display. (Refer to dis- 
cussion of fix -taking for further information. ) 
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STORE Puihbutton 

The STORE pushbutton is used to store in 
the computer memory cither selected des- 
tination information or position information 
which ha* been selected by the VARIABLE 
INPUT thumbwheels and N-S selector. It 
also initiates the computations required to 
navigate to the coordinate* selected. 



CAUTION 



Do not push this button unless a 
course change or fix ie desired. 

NMI 

The DEST/FIX pushbutton on the 
destination select panel is iden- 
tical in function to the STORE 
button on the navigation panel. 
They may be used interchangeably. 

N-S Hemisphere Selector Switch 

The N-S selector switch may be placed in 
either N or S, depending in which hemi- 
sphere the desired destination or fix is lo- 
cated. This selector is only used in con- 
junction with the variable input thumb 
wheels to manually insert a destination or 
fix point in flight. 

VARIABLE INPUT Indicator 

The VARIABLE INPUT indicator has thumb- 
wheels that are used to manually Insert any 
desired reference coordinates Into the sys- 
tem, thus giving the pilot added flexibility 
of operation in flight. (It is good practice 
to put the DEST/FIX switch in the VARI- 
ABLE DEST or VARIABLE FIX position 
prior to setting the coordinates in the indi- 
cator. ) To insert variable destination co- 
ordinates into the system, select VARIABLE 
DEST on the DEST/FIX switch, then insert 



the desired destination coordinates with the 
VARIABLE INPUT thumbwheels; select de- 
sired hemisphere with the N-S selector and 
depress the STORE pushbutton. The DES- 
INTATION/FIX POSITION indicator will 
read out the new coordinates immediately 
after the STORE button is depressed, and 
the INS will navigate the aircraft to the new 
destination using ADF type steering. Vari- 
able update fix coordinates are inserted in 
the computer in the same way as a destin- 
ation, except that VARIABLE FIX is se- 
lected on the DEST/FIX switch. 



PRESENT POSITION Indicotor 

The PRESENT POSITION indicator is set at 
the geographical coordinates of the flight 
origin site prior to takeoff. In flight It 
continuously Indicates the coordinates of 
the aircraft position as computed by the 
BXS. 



DESTINATION/FIX POSITION INDICATOR 

The DESTINATION/FIX POSITION indicator 
normally displays the latitude and longitude 
coordinates of the destination to which the 
INS is navigating. This display may be the 
coordinates of any selected destination from 
the 42 prestored positions, or the coordi- 
nates of any selected variable destination. 
This coordinate display normally changes 
at such times as the computer calculates 
a new course to a newly selected destina- 
tion. For STORED MANUAL or VARI- 
ABLE DEST modes, this change will occur 
upon depressing the DEST FIX or the 
STORE pushbutton. For sequential or out 
of sequence destination selections in 
STORED AUTO mode, the destination co- 
ordinate display will change coincident with 
roll out to the new destination course. The 
minutes counter portion of the latitude dis- 
play may also change whenever a fix Is 
taken. When either a STORED FIX or VAR- 
IABLE fix is taken; the calculated cor- 
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rcction (in nautical miles) is displayed on 
the latitude minutes display, without chang- 
ing longitude, or the degrees portion of lati- 
tude on the DESTINATION /FIX POSITION 
indicator. The portion of the latitude dis- 
play uBed for the fix distance indication is 
blocked off in white on the indicator (see 
figure 4-10). The calculated fix correction 
is displayed up to a maximum value of 59 
nautical miles whether position is updated 
or whether the fix is rejected. The calcu- 
lated fix correction will continue to be dis- 
played until another fix is taken, or until a 
new destination is selected and displayed. 
When a new destination is selected, the lati- 
tude minutes counters will revert to a dis- 
play of destination latitude until such time 
as another fix is taken. 



DESTINATION SELECT PANEL 

The destination select panel, labeled NAV, 
is located on the instrument panel. The 
panel has a two-place digital counter, con- 
trolled by thumbwheels, and a self-illuml- 
nated pushbutton switch which read out 
DEST FIX when lighted. The number of a 
stored destination or fix (0 through 41) may 
be set on the counter manually and Inserted 
into the INS computer by depressing either 
the DEST FIX or the STORE pushbutton. 

NOTE 

Positions 42 through 49 can be dis- 
played, but are inoperative. 

The DEST FIX pushbutton Illuminates when 
the destination number on the panel and the 
destination approached by the aircraft are 
not the same. When they are again the 
same (thumbwheels must be rotated), the 
light will go out. In all modes the light will 
come on whon pilot action is required. 
When the DEST/FIX switch is placed in 
cither STORED or VARIABLE FIX, the light 



will come on. When the STORE pushbutton 
la deprossed the light will go out. In any 
mode in which a new destination is selected 
by depressing the STORE pushbutton, the 
light will go out when the system accepts 
the new destination selection. When a des- 
tination inside the aircraft's minimum turn 
radius is selected in the STORED MAN or 
VARIABLE DEST mode, the DEST FIX light 
will blink on and off. When the aircraft's 
location falls outside the minimum radius 
path, the blinking DEST FIX light will ex- 
tinguish and the destination will be accepted. 
In the STORED MAN mode, the Ught will 
also come on if a destination is passed over 
by 15 miles without selecting a new des- 
tination. (DTG 15 NM or greater and in- 
creasing). 



DISTANCE-TO-GO AND GROUNDSPEED 
INDICATOR 

A distance-to-go and groundspeed Indicator 
is installed on the instrument panel. Digital 
indicators display the distance between the 
aircraft position and the destination, and the 
groundspeed, in units of 1 nautical mile and 
knots, respectively. When a new destination 
Is selected either automatically or manually 
the indicator will chango to show the new 
distance-to-go. The distance-to-go indica- 
tion will decrease toward zero while ap- 
proaching the destination, then increase 
after passing the destination if flight is con- 
tinued on the same course. Dlstance-to-go 
will not read lero at destination if the com- 
puted cross-course distance is greater than 
1/2 nautical mile, since readout resolution 
is to the nearest nautical mile. 



BEARING, DISTANCE, HEADING INDICATOR 
(BDHI) 

The INS computes true heading and steering 
Information and this information can be dis- 
played by the BDHI installed on the instru- 
ment panel. The rotating compass card of 
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(he BDHI receives the true heading signals 
as long as the MODE switch on the INS 
NAVIGATION control panel is in the NAV 
position. When the MODE switch is in the 
FRS position the compass card is driven by 
the FKS signals, although the INS system 
still generates true heading. Pointer 1 of 
the BDHI is driven by the ADF or TACAN 
as selected by the No. I needle selector 
switch. Pointer 2 is driven by the steering 
signal of the INS when the MODE switch on 
the NAVIGATION control panel is In the 
NAV or FRS position. Pointer 2 points to 
the direction of the great circle course or 
in ADF steering mode will point to destin- 
ations which Are within 45 degrees of the 
aircraft heading (or indicate direction to 
turn if angular difference is greater than 45 
degrees). 

NOTE 

. The aircraft will automatically fly 
the course computed by the INS 
and selected by the pilot only if the 
autopilot is in the AUTO NAV mode. 

. A 45-dcgrce turn indication on the 
BDHI pointer 2 commands a 30 
degree bank angle to be made by 
the autopilot. The bank angle 
command is proportionately smaller 
when smaller turn angles are in- 
dicated on the BDHI. 



COURSE SELECTION 

In the STORED AUTO mode, the INS is 
capable of providing steering Information 
to any selected destination when the path 
from source to destination is greater than 
30 nautical miles but less than 21,500 nau- 
tical miles (from 1/2 degree to 179 degrees 
of great circle arc). In the STORED MAN 
mode, the above restrictions exist only for 
destinations numbered 00 through 26. The 
sequence in which courses are provided de- 
pends upon the position of the DEST/FDC 



switch on the navigation control panel. In 
STORED AUTO position, course directions 
will be provided to stored destinations auto- 
matically in their numerical sequence; 
however, an out of sequence deviation can 
be made in STORED AUTO by selecting 
the desired out of sequence destination 
number on the destination select panel and 
depressing either the DEST FIX or STORE 
pushbutton. After the out of sequence dev- 
iation, other destinations will then continue 
to be automatically selected in numerical 
sequence. In the STORED MAN or VARI- 
ABLE DEST positions, steering directions 
to individual destinations are supplied after 
each destination is selected by depressing 
either the DEST FDC or STORE pushbutton. 
For STORED AUTO or STORED MAN modes, 
the steering information provided by the 
computer is a great circle flight path only 
if the destination selected is one of the first 
27 sets of stored coordinates (00 through 
26). ADF type steering will be commanded 
for STORED destination selections numbered 
27 or greater and for all VARIABLE DEST 
mode selections. In STORED MAN mode, 
the computed course starting point Is deter- 
mined as follows: 

a. The position of the current desti- 
nation is selected by the computer 
as the starting point for the new 
course If the aircraft computed 
position is within 100 miles of 
this point when the STORE button 
is depressed. 

b. The computed position of the air- 
craft is selected by the computer 
as the storting point for the new 
course if the distance to go is 
more than 100 miles from the 
current destination. 

After a course has been selected and cal- 
culated and cither great circle or ADF 
type steering provided to navigate toward 
the course destination point, the INS will 
continue to navigate to that point regard- 
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INS DESTINATION REJECT PATTERN 
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less of any change of position of the DEST7 
FIX switch until a new destination is se- 
lected by either automatic sequencing in the 
STORED AUTO position or by depressing 
the STORE pushbutton in the STORED MAX 
or VARIABLE DEST positions. If a desti- 
nation selection is made in which the new 
destination is aft of the present course di- 
rection by an angle greater than 135°, the 
initial steering direction is indeterminant 
and the aircraft may roll out cither right or 
left in turning around to the new course. 



Fised-Poth Flight Plon 



In the STORED MANUAL mode, if 
the aircraft flys over the destin- 
ation in great circle steering with- 
out selecting a new destination, 
the DEST/FIX light comes on and 
the vehicle will alternate between 
right and left steering signals. 
The DEST/FIX light operates 
similarly in ADF steering; how- 
ever, the aircraft will fly in 
circles, always coming back 
over the selected destination. 



A presclccted-path flight plan will be flown 
in AUTO mode. Consecutive destinations 
00 through 41 will be selected automatically. 
The point-to-point paths will be segments of 
great-circle arcs for destinations 01 through 
26, and direct for destinations 27 through 41. 
The use of STORED AUTO mode results in 
smooth entry turns at required bank angle 
up to a maximum of 30 degrees to the next 
course. Turns will be initiated before 
reaching the destination and the turn point 
will depend on aircraft ground speed and the 
degree of course change required. 



Deviotlon from Fixed-Path Flig ht Plan Using 
Sforf- 1 



One or more destinations can be skipped by 
selecting the destinations desired on the di- 
gital counters of the DESTINATION SELECT 
PANEL and depressing the STORE push- 
button with the DEST/FDC switch In the 
STORED AUTO position. The INS will com- 
plete the track In progress when the STORE 
pushbutton is depressed but the next automatic 
sequence will select the course to the de- 
sired destination. 



Deviation from Fixed-Poth Flight Ploo Utinq 
Sfornd Dcstlnofiorw 

Stored destinations may be selected man- 
ually In any arbitrary sequence, and a des- 
tination can be selected any number of times 
during a mission. Any partial sequence of 
the stored destination fixed-path plan can be 
used by manually selecting the first destin- 
ation of the sequence, thon switching to 
STORED AUTO mode until the desired se- 
quence is accomplished. Then, manual se- 
lection of a new stored destination causes a 
new course to be computed as described 
above. 



In the STORED AUTO mode, the destination 
select light is extinguished when the number 
on the destination select panel agrees with 
the stored destination which is presently 
selected. The stored destination which ex- 
tinguishes the light will be the same as the 
stored destination toward which the aircraft 
is flying except when selecting a 
out of sequence In the STORED AUTO I 



Example: The aircraft is flying towards 
destination 02 in the STORED AUTO mode 
and 02 is selected on the destination select 
panel. The destination select light Is ex- 
tinguished. The pilot decides to skip des- 
tination 03 and fly from destination 02 to 04. 
He selects 04 on the panel and depresses 
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the store button. The light wiU now be ex- 
tinguished only on destination 04 even 
though he is still flying towards 02. This 
Indicates to the pilot that 04 has been ac- 
cepted as the next destination. 

Use of the VARIABLE INPUT Indicotof For Vmtoted 
DwHrtotlom 

U»c of destination coordinates set on the 
VARIABLE INPUT indicator and N-S se- 
lector requires that the D EST /FIX switch 
be set to the VARIABLE DEST position. 
ADF-type steering to the point selected is 
provided when the STORE pushbutton is de- 
pressed. The initial ADF-type steering 
heading is based on computed present posi- 
tion. Coordinates of stored destinations 
can be duplicated. 

LIMITATIONS OF DESTINATION SELECTION 
Maximum Path Length 

The maximum great-circle arc between 
source and destination Is 179 degrees to per- 
mit definition of direction. This consti- 
tutes a distance of approximately 17,800 
nautical miles from source to destination. 



Minimum Poth Length 

In the STORED AUTO mode, a course cannot 
be selected whan the distance from the start 
point (either a stored destination or the air- 
craft's present position) to the next desti- 
nation is less than 30 nautical miles. The 
computer will ignore any attempt to select 
such a destination. In the STORED MAN 
mode the 30 mile restriction exists only for 
destinations numbered 00 through 26. How- 
ever, all destination selections are restricted 
by comparing the desired destination's re- 
lative location with the aircraft's minimum 
turn radius capability. (The minimum turn 
radius is computed as a function of ground 
speed. ) The destination is accepted if it is 



outside the minimum turn radius path. If 
the desired destination is inside the mini- 
mum turn radius path, the DEST FIX light 
on the DESTINATION SELECT PANEL will 
blink on and off, indicating that the computer 
has acknowledged the destination. The air- 
craft will continue on its same course until 
its location falls outside the minimum turn 
radius path. At such time, the DEST FD< 
light will extinguish and the destination will 
be accepted. (See figure 4-12. ) 

Minimum Pittance Between DettinoHorn 

In the STORED AUTO mode, a course can- 
not be selected when the distance from the 
start point (either a stored destination or 
the aircraft's present position) to the next 
destination Is less than 30 nautical miles. 
In the STORED MAN mode the 30 mile re- 
striction exists only for destinations num- 
bered 00 through 26. 



FIX TAKING 

Since all rotating gyros are subject to same 
clrift, alignment of the coordinate reference 
frame established by the gyro platform 
tends to depart from the true coordinate 
frame after a period of time. This intro- 
duces errors in position and azimuth which 
Increase with time. (See figure 4-13. } The 
Indicated position can be updated by taking 
visual fixes when the coordinates are known. 
These fixes are taken by use of the perl- 
scope and are Inserted into the INS as fol- 
lows: 

1. Either select the desired prestored des- 
tination on the destination select panel 
or set the coordinates of the fix point 

In the VARIABLE INPUT indicator and 
N-S selector. 

2. Turn the DEST/FIX switch to the ap- 
propriate STORED or VARIABLE FIX 
position. (Use STORED FIX position 
if the fix to be made is at a prestored 
coordinate point. ) 
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3. Pull the MIBBOB SELECT handle to the 
aft position for surface viewing and se- 
lect the narrow view magnification with 
the PERISCOPE control. When the fix 
point is Identified visually, position the 
periscope cursor with the FIX ADJ knob 
so that it will intersect and track the 
fix point. Continue tracking until the 
fix point crosses the periscope hori- 
zontal reference line. 

4. Depress the STORE pushbutton at the 
Instant the fix point crosses the inter- 
section of cursor and horizontal refer- 
ence lines. (At high speeds, a 2-sec- 
ond delay in depressing the STORE 
pushbutton will result in a position fix 
error of approximately 1 nautical mile. ) 
The computer will make the fix correc- 
tion as follows: 

a. Correcting the inserted fix position 
to represent the position of a point 
immediately below the aircraft at 
the instant of STORE pushbutton 
depression. 

b. Comparing the fix position with the 
inertially computed position at the 
instant of STORE pushbutton de- 
pression, and displaying the updat- 
ed position on the PRESENT POSI- 
TION Indication. 

c. If the difference is greater than 
15 nautical miles, the computer 
program will not make the fix. 
Indication that a fix was not made 
is Indicated by illumination of the 
INS FIX REJECT light on the an- 
nunciator panel. 

d. The difference will be displayed, 
up to a maximum value of 59 NM, 
on the latitude minutes counter of 
the DESTINATION/FIX POSITION 
Indicator (section of the counter 
inside the white outline block). 
The fix difference will be displayed 



whether the fix updates or is re- 
jected. The display will remain 
until either another fix is taken or 
another destination Is selected. 



NOTE 

The fix correction only updates 
the coordinates displayed in the 
PRESENT POSITION windows and 
does not realign the platform. The 
rate of error buildup accrues from 
the time the INS system was switched 
to the NAV mode. 

A stored destination may be used as a fix 
by selecting the destination number on the 
destination select panel, moving the DEST/ 
FIX switch to STORED FDC position, and 
depressing the STORE pushbutton. 



Fix Sequence 

No position fix should be taken before at 
least 2 hours have elapsed (Including ground 
operating time) in the NAV mode of oper- 
ation. A fix should be taken as soon there- 
after as practicable. The optimum time to 
take the first fix Is between 2 and 2-1/2 
hours after selecting NAV operating mode. 
Subsequent fixes should be taken at Intervals 
not exceeding 1-1/2 hours. 



Fix Limit 

For all fixes except those taken on stored 
positions 38 and 39, the maximum position 
fix corrections that will be accepted are 
15 nautical miles of latitude correction and/ 
or 15 nautical miles of longitude correction. 
An attempt to make a position fix that ex- 
ceeds these values will cause the master 
caution light and the INS FIX REJECT light 
on the annunciator panel to illuminate. The 
ENS FIX REJECT light will remain on until 
a subsequent acceptable fix is taken, or un- 
til the DEST /FDC switch is moved to a non- 
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fix position. Inability to obtain an accept- 
able fix correction can be Hue to incorrectly 
stored fix point coordinates, incorrect fix 
point identification, or degraded INS accur- 
acy. More than one attempt to achieve fix 
corrections should be made before conclud- 
ing that the ENS is not reliable. STOKED 
FIXES 38 and 39 do not use the 15 nautical 
mile update limit for fix reject, but use a 
variable limit which is loaded to the desired 
value during preflight preparation. This 
variable limit capability can be used for 
ENS performance prediction prior to a 
specific mission. For example, if it U 
known that INS had to be accurate within a 
certain limit to accomplish a specific mis- 
sion, a STORED FIX on cither 38 or 39 
just previous to entering the mission area 
would give a criteria for mission abort. 
Position 38 or 39 fixes are the same as 
normal stored fixes except for the variable 
fix rejection criteria. 

INS ACCURACY 

Maximum position error will accrue at an 
average rate of 1-1/2 nautical miles per 
hour during the first 3 hours, and at an 
average rate of 3.6 nautical miles per hour 
thereafter. 



4. STOKE or DEST FIX pushbutton - 
Presa. 

5. INS FIX REJECT light - OFF. 

This procedure updates the ENS to a point 
0.1 nautical mile or less from the starting 
point coordinates. 

Acceptance of the position 40 fix indicates 
that the INS error is 0.4 nautical miles or 
less in error in either latitude or longitude 
and that computed north and east velocities 
are each less than 3 feet per second. These 
INS performance criteria are based on an 
anticipated time duration of 20 minute* from 
NAV entry until the position 40 or 41 fix. 

If ENS FIX REJECT light comes on - ENS 
accuracy may be marginal. 

6. DEST FIX switch - STORED MANUAL. 

7. Destination select switch - A* briefed. 

8. STOKE or DEST FIX pushbutton - 
Press. 

9. ENS FIX REJECT light - Off. 

10. DEST FDC switch - STORED AUTO. 



INS Reliability Checfc 

STORED FIXES 40 and 41 arc designed to 
check ENS performance before takeoff to 
attempt to predict INS accuracy during the 
flight. The aircraft la accurately positioned 
over a known spot and a STORED FIX l« 
take as foUows: 

1. Stop aircraft at designated runway 
position. 

2. Destination select switch - Poa. 40. 

3. DEST FIX switch - STORED FIX. 



Effects of No. 3 Inverter Foilure on INS 

The No. 3 Inverter supplies power to the 
ENS. Consequently, a No. 3 inverter failure 
may have catastrophic results on the INS. 
The system performance may be degraded 
after switching to the emergency Inverter. 
The degradation of system performance 
will directly depend upon the elapsed time 
between the No. 3 inverter failure and 
switch over to the emergency Inverter. If 
the No. 3 Inverter falls and the INS outputs 
are no longer meaningful, the pilot should 
turn the ENS MODE switch on the Nav Panel 
to OFF. This will lessen the possibility of 
damage to the system. 
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PERISCOPE 

The periscope viewing system provides the 
pilot with a means for observing or making 
visual fixes on terrestlal objects which 
cannot be seen directly from the cockpit. 
It can also function as a sky compass, and 
includes a display unit which projects maps 
and selected data on the presentation screen 
in the cockpit. Ther periscope windows, 
viewing optics, and projection equipment 
are located forward of the cockpit pressure 
bulkhead. 



GROUND OBSERVATION 

The basic downward looking function of the 
periscope system presents a minified image 
of a ground object, utilizing a fixed lens 
two-field system. The wide or narrow angle 
field of view is controlled by the PERI- 
SCOPE control. The modified wide-angle 
lens system provides a coverage of approx- 
imately 85 forward of nadir and Is intended 
to be used for observations of large pro- 
minent ground objects. INS update fixing 
is possible when in the wide angle Held of 
view. The modified narrow angle lens sys- 
tem provides a coverage of approximately 
47° forward of nadir and is Intended to be 
used for update fixing of the INS system by 
fixing on pre-selected ground objects. The 
forward look distance possible with either 
field of view is dependont upon the altitude 
and attitude of the aircraft at the time of 
the observation. Figure 4- lb gives the for- 
ward look range as a function of the aircraft 
attitude and altitude. The resolution of the 
optical system in all modes Is better than 
that of the unaided eye. Due to the minifi- 
cation Imposed by a fixed lens system, how- 
over, the pilot is only expected to identify 
prominent ground objects such as a coast 
line, lake or town. Also, due to the ex- 
treme slant viewing angle, there will be 
some apparent distortion when an object 
appears near the top of the reticle plate; 
especially when using the wide angle field 
of view. It is equipped with a tri -prism 
plastic grooved diffuser which providos for 
two eye viewing of the periscope image. 



PROJECTOR DISPIAY 

The periscope mirrors can be shifted so 
that a 35-mm strip film projector displays 
maps or other selected data on the pre- 
sentation screen. The pilot may regulate 
the projector light intensity and advance or 
reverse the film as necessary in order to 
refer to the desired information. A film 
destruct capability Is available and is ac- 
tuated manually or automatically In case of 
ejection. 

PRESENTATION SCREEN 

A six inch presentation screen Is Installed 
at the top center of the cockpit instrument 
panel. The ground area displayed depends 
on the lens system selected} wide angle or 
narrow angle. When using the wide angle 
lens, the circle drawn near the center of the 
reticle plate indicates what will be visible 
with the narrow angle lens. The nadir point 
of the wide angle view is indicated by the 
intersection of the chord drawn across the 
lower half of the narrow angle view circle 
and the center vertical line on the reticle 
plate. The nadir point of the narrow angle 
view is indicated by the Intersection of the 
horizontal line and center vertical line on 
the reticle plate. The nadir point, as indi- 
cated on the reticle plate, has been compen- 
sated to correct for the angle that the opti- 
cal axis has been shifted forward due to the 
normal level flight attitude of the aircraft 
and the physical placement of the periscope 
system In the aircraft. 

A compass rose is incorporated in the ret- 
icle plate; the numbers appear around the 
edge of the plate and are back lighted when 
the system is in the sun compass mode. 

A pair of vertical dashed lines are pro- 
vided to show the path of a ground object as 
it moves from top to bottom on the present- 
ation screen. The dashed lines are tangent 
to the narrow angle circle and show the 
pilot what will be visible in the narrow angle 
view as soon as the object appears In the 
wide angle view. 
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PERISCOPE 




Figure 4-14 
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A movable cursor, remotely controlled from 
the INS navigation control panel, is used 
with the narrow angle "nadir" line to cor- 
rect the INS for position error. The reticle 
plate or cursor is not illuminated. A ser- 
rated thumb knob in the lower right side of 
the presentation screen is used to rotate 
tile reticle plate. 

Periscope Lena Control Hoodie 

A handle, labeled PERISCOPE and located 
on the lower leit aide of the cockpit instru- 
ment panel, is used to select the desired 
lens system wide or narrow angle view. 
The wide angle lens is selected by pulling 
the handle to the out (aft) position. The 
narrow angle lens Is selected by placing 
the periscope handle in the in (forward) 
position. 



Mirror Selector Hoodie 



A T-handle, labeled MIRROR SELECT, con- 
trols the mirrors wichin the basic periscope 
system. The handle can be positioned to 
one of three positions as follows: 

a. In (forward) position selects film pro- 
jection. 

b. Mid detented position selects the sun 
compass for overhead viewing. (Ap- 
proximately 1/3 distance to OUT). 

c. Out (aft) position selects the surface 
viewing periscope. 



Projector Light Switch 

A rheostat switch, labeled PROJ, controls 
the film projector light intensity. The pro- 
jector light is switched OFF at the full 
counterclockwise position. The projector 
light is turned on by rotating the rheostat 



toward the DRT position. Intensity of the 
image on the presentation screen is Increas- 
ed by further clockwise rotation. Power 
for the light is furnished by the essential 
dc bus. 



Projector Film Switch 

A momentary three-position toggle switch, 
labeled PROJ, controls movement of map 
and data film. When the switch is held in 
the down position tho film will advance. 
When the switch is held in the up position, 
the film strip will rewind. The center posi- 
tion is OFF. Power for the switch is fur- 
nished by the essential dc bus. 



SUN COMPASS 

The sun or sky can be observed with the 
periscope by shifting the mirrors for up- 
ward viewing. A midpoint detent is provided 
in the mirror selector control for position- 
ing the periscope optics in this position. A 
knurled thumb knob located at the lower 
right of the presentation screen la used to 
rotate the reticle plate, and a toggle switch 
labeled sun compass with L and R positions 
located on the periscope control panel con- 
trols an electric motor which rotates the 
polarized disk. The sun compass is used 
as a backup to other heading devices when 
in locations where other devices might not 
function accurately. It is used to make 
180 turn -around s or emergency heading 
determinations. It is also used to make 
periodic cross checks of other heading de- 
vices at any point along the flight path. 

The sun compass utilizes the precomputed 
azimuth (Zn) of sun and the sun's Image on 
the presentation screen. Accuracy is with- 
in 2 when the sun's elevation ia +6° to 50°. 
At elevation values above 50°, the heading 
error becomes greater. It also utilizes 
the precomputed azimuth of sun and the sky 
polarization phenomenon. Accuracy is 
within 2 when the sun's elevation is -8° to 
t20°. 
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Representative cafsWIItlos of Periscope In Cround View Moat. Airman* Angle of Attack Nominal 7° . 
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* Th» Jwrwlnae Mac required (or *n object to appear at the top of the relfcfe plate 
and move down to (ti« n«»r (Ix line. Math 3. 1 and an attitude ot ♦ 7* h assumed. 
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Figure 4-15 
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The following definition* arc applicable to 
the sun compass procedures: 

Polarizer pointer - The red pointer on the 
electrically driven polarizer disk. It takes 
the place of the sun when the sun Is too low 
in the sky. 

Lubber line - The fixed pointer at the top 
of the presentation screen. 

Compass Rose - A set of numbers around 
the periphery of the manually rotated ret- 
icle plate. 

Zn - Azimuth of Sun - True bearing of the 
sun relative to a particular position on the 
ground at a specific time. 

RB - Relative Bearing of Aircraft - The 
horizontal angle between the true heading 
of the aircraft and the true bearing of the 
sun. 

TH- True Heading of Aircraft - The head- 
ing of aircraft relative to the north pole. 

Zn B TH + RB 

Sun Image - Refleclion of direct Bun Image 
as It appears at the edge of the reticle plate. 

Polarized Sky Light - The characteristic 
of the atmosphere to polarize sun light by 
scattering. The maximum polarization ap- 
pears at a direction 90° from the sun. 

Sun Composs Switch 

A three- position momentary toggle switch, 
labeled SUN COMP, on the periscope panel 
controls the rotation of the sun compass 
polarizer disk. The switch positions are 
labeled L and R. In the L position the po- 
larizer disk will rotate tn a counterclock- 
wise direction. In the R position the polar- 
izer disk will be rotated in a clockwise di- 
rection. Power is provided by the essential 
dc bus. 



NORMAL OPERATION 
DIRECT SUN {«? to 50°) 

A. True Heading Method 

1. Determine the precomputed value 
for azimuth of sun (Zn). 

2. Manually rotate compass rose until 
Zn value is over the sun's Image. 

3. Read True Heading (TH) of aircraft 
on compass rose, indicated by the 
lubber line. 

B. Relative Bearing Method 

1. Manually rotate compass rose so 
the lubber line indicates zero. 

2. Determine the precomputed Rela- 
tive Bearing (RB). 

3. Read the Relative Bearing of air- 
craft on compass rose at point in- 
dicated by sun's image. 

POLARIZED SKY LIGHT (-8° to 20°) 
A. True Heading Method 

1. Determine the precomputed azi- 
muth of sun (Zn). 

2. Electrically turn polarizer pointer 
toward the visible sunlight. 

3. Adjust the central disk as dark as 
possible when the concentric rings 
are of equal brightness. 

4. Manually rotate compass rose until 
Zn value Is In line with the polar- 
izer pointer. 

5. Read the True Heading (TH) of air- 
craft on compass rose, as indicated 
by Lubber line. 
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B. Relative Bearing Method 




Manually rotate compasa rose so 
that lubber line indicates zero. 



Alter landing nitrogen pressure 
will not be available to assist in 
raising the canopy If the destruct 
system has been actuated. The 



Determine the precomputed Rela- 
tive Bearing (HB). 



canopy may be jettisoned If pres- 



Electrically turn polarizer pointer 
toward the visible sunlight. 



sure is depleted and help is not 
available. 



NOTE 




sun, 180 ambiguity will be en- 
countered. 

4. Adjust the central disk to be as 
dark as possible when the concen- 
tric rings are of equal brightness. 

5. Read the Relative Bearing of air- 
craft on compass rose, as indi- 
cated by the polarized pointer. 

DESTRUCT SYSTEM 

A destruct system Is Incorporated in the 
airplane to destroy the projector film, and 
the maps. The film strip in the projector 
are destroyed by electrically Igniting small 
thermite assemblies which burn at approx- 
imately 2000 for a minimum of 30 seconds. 
The water soluble maps are destroyed by- 
forcing water from a small reservoir into 
the map case using nitrogen gas pressure 
from the canopy accumulator. The destruct 
system Is actuated manually by a guarded 
switch labeled DESTROY located on the 
right forward panel. The system is acti- 
vated when the switch is placed In the up 
position. A roller type micro switch on the 
seat ejection rails will automatically acti- 
vate the destruct system If the pilot ejects. 
Power for the system is from the essential 
dc bus. 
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INTRODUCTION 

This section provides general aircraft re- 
strictions and engine operating limits that 
must be observed in normal operations. 
Some specific limits may be changed from 
time to time. Development flight tests 

are presently extending operational capabil- 
ities, making continued review of the limit- 
ations necessary. When necessary, to 
avoid delay in providing current limits to 
operating personnel, these specific limits 
will be supplied by the manufacturer's 
flight test organization at the operating site. 



INSTRUMENT MARKINGS 

The Instrument markings shown in figure 
5-1 are self evident and are not necessarily 
repeated elsewhere in this section. 



ENGINE OPERATING LIMITS 

Pilot preflight briefing must include cap- 
ability and limitations information pertinent 
to individual engines Installed. General 
engine operating limits are summarized in 
figure 5-2. Thrust rating definitions are 
provided in Section I. 
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FiRurr S-l (Sheet I of 2) 
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INTRODUCTION 

This section provides general aircraft re- 
strictions and engine operating limits that 
must be observed in normal operations. 
Some specific limits may be changed from 
time to time. Development flight tests 

are presently extending operational capabil- 
ities, making continued review of the limit- 
ations necessary. When necessary, to 
avoid delay in providing current limits to 
operating personnel, these specific limits 
will be supplied by the manufacturer's 
flight test organisation at the operating site. 



INSTRUMENT MARKINGS 

The Instrument markings shown in figure 
5-1 are self evident and are not necessarUy 
repeated elsewhere in this section. 



ENGINE OPERATING LIMITS 

Pilot prefllght briefing must include cap- 
ability and Limitations information pertinent 
to individual engines installed. General 
engine operating limits are summarized in 
figure 5-2. Thrust rating definitions are 
provided in Section I. 
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COMPRESSOR INlfT TCMKRMURt GAGE 

Figure S-l (Sheet I of 2) 
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FUEL TANK PRESSURE GAGE COWRKSOR INLET STATIC PRESSURE GAGE 




HYDRAULIC SYSTEM PRESSURE UftCtS 
(AANDB-LAWR) 




LIQUID NITROGEN GAGE 



MM4 
MW-4MIM 

Figure 5-1 (Sheet 2 of 2) 
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~m« ■■ YJT11D-20A A NO YJ1 ENGINES 




KM 0 100 200 3CC 400 500 

COMPRESSOR INLET TEMPERATURE -*C 




Figure 5-2 
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i'igure 5-2 
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TIME LIMITS 

YJT11D-20A and YJ-1 engines may bp Operated continuously at nil ratings 
when within the ii'-rnul exhaust ga.i temperature lir.ut-; however, no more 
tlian one hour may be accumulated with ETI in excess of tlie normal limit 
schedule, and E~T ttinU b.- reduced Immediately if an emergency limit tem- 
perature is exceeded. (See EOT Limit., and figure 5-2. ) 

. 

CAUTION 

Coittlnu-.ni'l \.-t accumulated operating time in the 
emergency K ; "T operating /one for more t'.ian 15 
minutes may ro'iuire engine removal. 

EXHAUST oas temperature limits 

The nominal operating hand, normal lunit-S and emergency exhaust gas 
temperature operating schedules arc prescribed as a function ol compressor 
inlet temperature as ah own in figure 5-2. Limit EGT's for continuous op- 
eration ;.re 305 C when compressor inlet temperature is above 60 C> C, and 
845 C when CIT is below 60 C. The setting at which the red warning light 
on the E""iT sage illmi!nat*s and ti e fuel dcrichment system operates, if 
armed. 860 C, a val ;<• which is above the normal operating temperature 
limit schedule. 

Note 

At compressor inlet temperature* below 5 c, the 
possibility of engine Stall exists at EOT's- between 
the maximum permissible value and the nominal 
operating band. 

In the event that emergency engine operation is required, EOT may be in- 
creased to 825*'C when above C0°C CIT, or to 865°C when below 60°C CIT; 
however, an accurate accounting of operating time in the emergency op- 
crating zone must be maintained. 

Note 

. Any operation in or above the emergency operating 
zone require* special maintenance action. 

. The permissible emergency EHT level at low CIT's 
la above the dericli system actuation point; therefore, 
the dcrich system must be disarmed if this level is to 
be attained. 
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TIME LIMITS 

YJT11D-20A anil Y.T-l engines may bo oper- 
ated continuously at all ratingn when within 
the norma] exhaust gas temperature limits; 
ho>vevcr, no more than one hour may be ac- 
cumulated with ECT in execs* of the normal 
limit schedule, and EOT must be reduced 
immediately if an emergency limit temper- 
ature is exceeded. (See EOT Limits and 
figure 5-2. ) 




Continuous or accumulated oper- 
ating time in the emergency EOT 
operating zone for more than 15 
minutes may require engine re- 
muval. 

EXHAUST GAS TEMPERATURE 

The nominal operating band, normal limits 
and emergency exhaust gas temperature 
operating schedules arc prescribed as a 
function of compressor inlet temperature as 
shown in figure 5-2. Limit EGT's for con- 
tinuous operation are 805 C when compres- 
sor inlet temperature is above 60°C, and 
845°C when CIT is bilow 60°C. The setting 
at which the red warning light on the EOT 
gage illuminates and the fuel dcrichment 
system operates, if armed, is 860 C, a 
value which is above ths normal operating 
temperature limit schedule. 

NOT! 

At compressor inlet temperatures 
below 5 C, the possibility of en- 
gine stall exists at EGT's between 
the maximum permissible value 
and the nominal operating band. 

In tho event that emergency engine operation 
is required, EGT may be increased to 825°C 
when above 60°C CIT, or to 865"c when bs- 
lou. 60 C CIT: however, an accurate account- 
ing of operating time in the emergency oper- 
ating ione must be maintained. 



NOTE 

. Any operation in or above the 
emergency operating zone re- 
quires sp-icial maintenance 
action. 

. The permissible emergency 
EGT level at low CIT's is 
above the dcrich system ac- 
tuation p'jint; therefore, the 
derich system must be dis- 
armed if this level is to be 
attained. 

COMPRESSOR INLET TEMPERATURE 

The maximum allowable compressor inlet 
temperature is 427 C. In addition, decel- 
eration must be monitored so that engine 
cooling rates will not be excessive. While 
above an airspeed of Mach 1.8, the aircraft 
maximum rate of descent should be such 
that rate of deceleration does not exceed 1.0 
Mach In three minutes. There is no limit- 
ation on rate of deceleration while below 
Mach 1.6. 

COMPRESSOR INLET PRESSURE 

The minimum pressure recommended for 
airetarts from stabilised windmiiling speeds 
Is 7 pal. This pressure is marked by a 
green radial line. 

ENGINE SPEED 

Military and afterburning engine speeds are 
the same and are automatically scheduled by 
the fuel control as a function of Compressor 
Inlet Temperature. The normal schedule is 
shown by figure 5-2. Engine overspeed 
above 7450 rpm requires a visual inspection 
of the turbine. Notify the engine manufac- 
turer if 7550 rpm Is ever exceeded. Each 
instance of overspeeding should be reported 
as an engine discrepancy and should include 
the maximum rpm attained. 
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FUEL MAXIMUM WEIGHT LIMITS 



The approved fuel is PWA 523E. The F&W 
approved source of lubricity additive, PSJ- 
67A, must be mixed with the fuel In the ratio 
of 0.29 gallons per 1000 gallons of fuel. 
Fuels such as JP-4, JP-5, and JP-6 may be 
used only for emergency requirements such 
as air refueling when standard fuel is not 
available and air refueling must be accom- 
plished or risk loss of the aircraft. Oper- 
ation with emergency fuels should be re- 
stricted to speeds below Mach 1.5, 

oa 

The approved oil is PWA 524B. If neces- 
sary because of low ambient temperatures, 
it may be diluted with Trlchloroethylene, 
Federal Specification O-T- 634, Type 1, in 
accordance with Maintenance Manual pro- 
cedures. 

Oil Prstturt 

Oil pressures below 35 psi are unsafe and 
require that a landing be made as soon as 
possible, using minimum thrust required 
tc sustain flight until a landing can be ac- 
complished. Normal oil pressure U from 
40 to 55 psi. Except at IDLE throttle set- 
tings, oil pressures between 35 psi and 40 
psi are undesirable and should be reported 
after flight. A gradually Increasing oil 
pressure up to 60 psi is acceptable at high 
Mach numbers provided the indication re- 
turns to normal values after aircraft decel- 
erates to subsonic speed. 

Oil Temperature 

Oil^temperature must be at least 60°F 
(15 C) prior to starting unless previously 
diluted with Trlchloroethylene (PWA 9003). 
Engine oil temperatures above 290°C are 
unsafe and a landing should be made as soon 
as possible if the temperature cannot be 
maintained below this value. An engine 
should not be restarted after windmillino at 
subsonic speed when CIT is less than 15 C 
(60 F) for more than 5 minutes. If re- 
started, operation above IDLE with OIL 
TEMP warning light illuminated shall be 
as brief as possible. 



Maximum gross weight is not limited ex- 
cept by takeoff performance capabilities. 
Base maximum takeoff weights on infor- 
mation provided in Part II of the Appendix. 

MAXIMUM ALTITUDE 

Maximum altitude with derichment installed 
and operational is 85.000 feet; maximum 
altitude without derichment is 75,000 feet. 

LIMIT AIRSPEEDS 

(Refer to figure 5-3 for the limit flight 
speed and altitude envelope. ) 

MINIMUM AIRSPEED RESTRICTION 

The stall warning light on the annunciator 
panel and the master caution light illuminate 
when angle of attack reaches 14° in flight. 
A tone is also produced in the pilot's head- 
set. When above 135 KIA3, the speed at 
which a tall warning occurs is the minimum 
airspeed restriction for the existing vehicle 
weight, e.g. , and load factor unless oper- 
ation is governed by a higher value of mini- 
mum KEAS as displayed by the Triple Dis- 
play Indicator. Minimum airspeed is 300 
KEAS above 50,000 feet. 

INDICATED AIRSPEED 

The Mach-airspeed indicator limit hand is 
set to indicate airspeed (KIAS ) correspond- 
ing to 500 KEAS. However, the 500 KEAS 
limit applies only at altitudes above 9400 
feet, and at airspeed below Mach 2,6. Be- 
low 9400 feet, limit airspeed decreases 
linearly with altitude from 500 KEAS at 
9400 feet to 450 KEAS at sea level. Above 
Mach 2.6, limit airspeed decreases linearly 
from 500 KEAS at Mach 2.6 to 450 KEAS at 
Mach 3.2. See figure 5-4 for variation of 
KIAS with altitude for KEAS. 

Note 

Maximum recommended operating 
speeds are at least SO KEAS less 
than limit airspeeds. 450 KEAS 
(Mach 0.9) is not recommended 
below 14,809 feet. 
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MINIMUM AIRSPEED LIMITS FOR 14° ANGLE OF ATTACK 



SUBSONIC OPMATfON 




Figure 5-5 



5-9 



SECTION V 



A-U 



UMIT IOA0 FACTOR DIAGRAM 




Figure 5-6 
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A red radial line at 135 KIAS represents the 
minimum subsonic speed restriction below 
30,000 feet when the stall warning light Is 
off. 



EQUIVALENT AIRSPEED 

The triple display Indicator Is not marked 
however, the limit equivalent speeds are 
as follows unless: 

a. The Mach-alxspeed Instrument Indicated 
airspeed equals either the limit airspeed 
hand Indication or the minimum (135 
KIAS ) restriction. 

b. The stall warning light illuminates or 
the stall warning tone is heard. 



Maximum TDI Alrtpeed 

The limit airspeed is 450 KEAS at sea level, 
increasing linearly with altitude to 500 KEAS 
at 9400 feet prossore altitude; then 500 
KEAS between 9400 feet and the altitude for 
Mach 2.6. Limit airspeed then decreases 
linearly with Mach number to 450 KEAS at 
Mach 3.2. Normal operation cruise speed 
la 3.1 Mach. 



Minimum TDI Alrtpeed 

The minimum airspeed restriction varies 
linearly with Mach number from 135 KEAS 
(Mach 0.38) at 30,000 feet to 300 KEAS 
(Mach 1.34) at 50,000 feet, and is then a 
constant 300 KEAS to 85,000 feet (Mach 3.1). 



LOAD FACTOR UMITS 

The maximum allowable positive load 
factor is 2.5 g's in symmetrical maneuvers 
and 2.0 g's In roll maneuvers as des- 
cribed by figure 5-6. The maximum nega- 
tive load factor is -i.O when below 400 KEAS 
varying from -1.0 to 0 g's at higher air- 
speed as shown by figure 5-6. 



To avoid exceeding a safe angle of attack 
positive g's are limited to 1.5 g's when op- 
erating above 2.5 Mach. (This Is equivalent 
to approximately a 45 bank level turn. ) 

PROHIBITED MANEUVERS 

The aircraft shall be operated in a manner 
to avoid full stalls, spins, and inverted 
flight. Normal bank angle when operating 
above Mach 2.5 is 30 degrees. 



RATE OF DESCENT LIMITATION 

Rates of descent must be limited so as to 
maintain positive fuel tank pressure when 
sustained cruise speeds have exceeded 
Mach 2.8. 



CENTER OF GRAVITY 

The aircraft shall be operated within a c. g. 
range from 19% to 25% MAC while subsonic. 
The e.g. must be forward of 25% MAC for 
takeoff and should be as near to 19% MAC 
as possible with existing fuel for landing. 

The aft c. g. limit is 28% MAC while super- 
sonic. This limit results from stability 
considerations at high Mach number. Ade- 
quate stability exists at farther aft centers 
of gravity between Mach 1.2 and Mach 2.6 
but for simplicity the aft limit is not 
changed. The purpose of elevon trim limits 
Imposed in this Mach region is to alert the 
pilot of a major malfunction in the fuel sys- 
tem. 

On those aircraft incorporating S/B 1141, if 
an aft c. g. emergency exists and EMER for- 
ward transfer is operated to place more than 
4000 lbs in tank 1 and total fuel is less that 
30,000 lbs, the aircraft should be limited ts 
maneuvers causing not more than 1.5 g. 

As elevon trim can be used as an indication 
of abnormal c. g. condition, the following 
pitch trim limits apply: 

While subsonic - no more than 1° nose do*-. 
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GOOORICH 27.5 x 7.5 x 16 SILVER TIRES 
239 KNOTS (27S MPH) MAXIMUM GROUND SPEED RATING 
ROSEMOUNT PITOT STATIC 
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While climbing - 2-1/2° nose down from 
Mach J. 4 to Mach 2.6. 
3-1/2 nose down above 
Mach Z.6. 

At Initial cruise the trim limit is 3-1/2° 
nose down at 28% e.g. As altitude increases 
and KF:A-S decreases, the 28% e.g. trim 
Limit becomes approximately 2° more nose 
up per 50 KEAS decrease from 450 KEAS. 
(In addition, expect approximately 1° more 
nu<f up trim for each percent that e.g. is 
forward of 28% MAC). 

FUEL LOADING LIMITATIONS 

These limits to be supplied at the operating 
site. 



AIRCRAFT SYSTEM LIMITATIONS 

STABILITY AUGMENTATION SYSTEM 

The SAS shall be on for all takcoffa and 
landings. 

INLET SPIKE AND BYPASS CONTROLS 

The spike and forward bypass controls 
must be operated in the AUTO mode at all 
times when above 80,000 feet. When inlet 
controls must be operated manually, maxi- 
mum allowable speed is Mach 3.0. 

CANOPY 



LANDING GEAR SYSTEM 
Landing Geor 

Do not exceed 300 KEAS or Mach 0.9 with 
a maximum of b sideslip with gear ex- 
tended. When sideslip angle exceeds 5 , 
operation with gear extended is limited to 
Mach 0.7 or 300 KEAS. Operation at super- 
sonic speed with gear extended is prohibited. 
The landing gear is designed for Landing 
sink speeds at touchdown which decrease 
from 9 FPS at 57,000 pounds to 5 TPS at 
123,600 pounds. Side loads during takeoff, 
landing, and taxiing must be kept to a mini- 
mum, as landing gear side load strength is 
critical during ground maneuvering. 

Tire, 

The maximum taxi speed recommended is 
40 knots for Goodrich 27.5 x 7.5 x 16 "sil- 
ver" tires. The rated ground speed limit 
is 239 knots. At 4500 feet elevation, 239 
knots corresponds to 210 KIAS with 10B°F 
ambient temperature on a calm day, and 
226 KIAS at 32 F ambient temperature, 
Limit indicated airspeed on the ground de- 
creases by the amount of tailwind compan- 
ent along the runway and increases by tht 
headwind component. Refer to figure 5-7 
for rated' sp-eds at other altitudes and 
temperatures. 

Taxiing Restrictions 

A heat check is required for tires, wheels, 
and brakes: 

a. Prior to takeoff when taxiing has 
exceeded one statute mile. 



The canopy shall be opened or closed only 
when the aircraft is completely stopped. 
Maximum taxi speed with the canopy open 
is 40 knots. Gusts or strong winds should 
be considered as a portion of the 40 knot 
speed limit. 



b. When continuous taxi distance has 
exceeded 5 statute miles. 

C. When clear of th? runway after an 
aborted tak-off or a heavy weight 
landing. 
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INITIAL BRAKING SPEED FOR STOP USING RATED BRAKE CAPACITY 

ONE STOf CAPABILITY 
118.BO0.0O© KJOT - POUND CAPACITY DRY AND HARD RUNWAY 
6 « 4 ROTOR BRAKES ZERO WIND, Z«0 SlOPt 

ROSEMOUNT PITOT STATIC NOSt DOWN 




Figure 5-8 
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GENERAL 

This aircraft operate* within an exception- 
ally large Mach number and altitude envelope 
but the equivalent airspeed, angle of attack, 
and load factor envelope is relatively nar- 
row. Typical takeoff and landing speeds are 
210 and 145 knots respectively, and the 
cruise epeod is approximately 1850 knots at 
3.2 Mach number. Sustained cruise altitudes 
at high Mach number range from 74.000 feet 
to above 85,000 feet. 



The aircraft is designed to obtain maximum 
cruise performance at 3.2 Mach numbor. 
The external configuration, air inlet system, 
power-plant and fuel system sequencing are 
optimized for this flight condition. A three 
axes stability augmentation system is an 
integral part of the aircraft control system 
design and is normally used for all flight 
conditions. The normal flight characteristic 
discussed in this section assume proper SAS 
operation, unless stated otherwise, and ob- 
servance of the limits specified in Section V. 
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CONFIGURATION EFFECTS 

Extornal configuration features which affect 
flight characteristics include the delta wing, 
fuselage chines and the engine nacelle lo- 
cation. 

The normal delta wing characteristics are 
present in these aircraft. There Is no stall 
at normal operating speeds and flight atti- 
tudes, instead there is a large increase In 
drag as the limit angle of attack 1b ap- 
proached. This characteristic of a delta 
wing can cause very high rates of sink to 
develop if the aircraft is flown at too slow 
a speed. The stall warning light is to limit 
the angle of attack to a safe value so that 
■tall la not encountered. 

The dihedral effect Is positive, but dimin- 
ishes at the higher Mach numbers. Roll 
damping is relatively low over tho entire 
speed range of these aircraft and the lateral- 
directional qualities are relatively poor with 
SAS off. 

The chines extend from the fuselage nose to 
the wing leading edge. At subsonic speed* 
they have the beneficial effect of increasing 
directional stability with increasing angle 
of attack. At supersonic speeds, they pro- 
vide lift and eliminate a need for canard 
surfaces or special nose up trimming de- 
vices. The automatic fuel tank sequencing 
shifts the center of gravity aft during ac- 
celeration to correspond with the aft shift 
of center of lift with increasing Mach. Then 
it maintains c. g. at a relatively constant 
optimum location during cruise. This place- 
ment of the center of gravity close to the 
center of lift decreases pitch trim require- 
ments and minimizes the thrust and fuel 
flow required for cruise. This also reduces 
the static longitudinal stability margin, but 
the SAS compensates for the reduction and 
provides satisfactory handling qualities. 



The mid span location of the engines mini- 
mises drag and interference effects of the 
fuselage. The Inboard cant and droop of the 
nacelles gives maximum pressure recovery 
at the engine inlets at the angles of attack 
normal for high altitude supersonic cruise. 
However, the location results in sensitivity 
of the aircraft to asymmetric thrust con- 
ditions. During afterburner cruise, throttle 
and EGT trim adjustment to equalise fuel 
flows minimizes thrust differences. Engine 
EGT and fuel flow values should be matched 
by throttle adjustments during subsonic 
cruise. Indicated flows during non-aftcr- 
burning operation may include heat sink 
system requirements after hot flight with 
low fuel remaining, so that flowmeter values 
may not be representative of engine con- 
sumption and thruat. 

STABILITY CHARACTERISTICS 

The augmented dynamic stability la positive 
and flight tests have demonstrated that the 
dynamic damping characteristics are es- 
sentially deadbeat. No unusual static sta- 
bility characteristics have been disclosed 
when operating within the c. g. and angle of 
attack limit*. Positive static stability con- 
tinues to exist when c. g. is somewhat aft 
of the limit while at intermediate supersonic 
speeds (from Mach 1.2 to at least Mach 2.6. ) 
However. If the aft c. g. limit is violated 
while near the design cruise Mach number, 
a static Instability In pitch may be experi- 
enced. If pitch rates are then generated 
and not arrested within the angle of attack 
limit, a pitch up can develop and result in 
structural failure of the aircraft. » 

The aircraft is controllable without sta- 
bility augmentation to Mach 3.2. Without 
SAS it is also controllable during climb and 
descent, during inlet unstart up to Mach 2.8 
and «30 KEAS and during unstart and engine 
flame out up to Mach 2. 5 and during twenty 
degree bank turns in heavy turbulence at 
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WING LIFT VS ANGLE OF ATTACK 




Figure 6-1 
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low supersonic and transonic Mach numbers. 
However, control with SAS off Is sensitive 
and control movements should be kept to the 
necessary minimum. Thrust asymmetry 
should be minimized, particularly at the 
higher Mach numbers. Sustained cruise or 
maneuvering without pitch and yaw axis sta- 
bility augmentation is not recommended 
near design speed. 

At cruise Mach number, the pitch stability 
is only slightly positive and disturbances 
are only lightly damped. Sudden loss of all 
pitch SAS while in maneuvering flight will 
cause a pitch transient which will momen- 
tarily increase the load factor for the same 
stick position. 

Without SAS the yaw stability may vary from 
positive to very slowly divergent. Response 
of the automatic air inlet system to yaw os- 
cillation has a pronounced effect on direc- 
tional motion of the aircraft. Unless con- 
trolled by the pilot, phasing of the spikes 
and forward bypass can tend to either drive 
or damp the yaw oscillations. 

Emergency operating procedures for use in 
the event of SAS failure are given in Section 
III. 



HIGH ANGLE OF ATTACK CONDITIONS 

Minimum airspeed restrictions and a maxi- 
mum angle of attack warning light are fur- 
nished to prevent approach to pitch-up con- 
ditions, and to maintain adequate ground 
clearance at takeoff and landing consistent 
with performance objectives. There Is no 
stall in the classic sense where an abrupt 
loss in lift would occur at a critical angle 
of attack. (Sec Figure 6-1, Lift vs Angle 
of Attack.) A nose up pitching moment 
develops instead, as angle of attack in- 
creases, which becomes uncontrollable with 
full nose down elevon as the critical angle of 
attack boundary is reached. (Sec Figure 



6-2, Subsonic Critical Angle of Attack 
Boundary. ) An uncontrollable pitch-up will 
not occur until after limit angle of attack as 
given in Section V i-i reached. The SAS will 
tend to maintain apparent stability about all 
three axes until loss of control occurs, then 
the aircraft will pitch-up with little or no 
warning. Note that there Is an airspeed 
margin of from 30 to 75 KIAS when subsonic 
and at the aft C. g. limit of 25% MAC. The 
margin is less at supersonic speeds and 
varies with Mach number, e.g. 's aft of 
normal limits will materially reduce the 
margin. When near limit angle of attack, a 
pilot induced rapid nose up pitch rate may 
require more margin for recovery than Is 
available. 




An uncontrollable pitch-up maneuver 
will result when the critical angle of 
attack boundary is reached. Re- 
covery from this condition Is ex- 
tremely unlikely. Attempted re- 
covery must not be continued to the 
point where insufficient altitude for 
recovery or ejection exists. 

Pitch rates which accompany Increasing 
angles of attack must be checked and load 
factor relieved at a sufficient rate to in- 
crease airspeed when the critical angle of 
attack boundary is approached. When sub- 
sonic and terrain clearance permits, air- 
speed should be Increased to 300-350 KIAS 
before resuming level flight. Care must 
be exercised to Insure that recovery load 
factors will neither cause limit angle of 
attack to recur or Impose load factors be- 
yond allowable values. When supersonic 
and near limit Mach number. It may be 
necessary to reduce power or increase drag 
(or both) while recovering so that limit 
Mach number will not be exceeded while 
airspeed is Increasing. 
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SPINS 

Intentional spina arc prohibited. The fol- 
lowing technique is suggested in the event 
of an inadvertent spin; however, ejection 
may be the best course of action after con- 
sidering existing altitude, airspeed, spin 
rate, attitude, and fuel loading conditions, 
as spin recovery has not be demonstrated 
and is considered extremely unlikely. At 
the pilot's discretion: 

1. Center the controls, disengage surface 
llmlters, and determine the direction 
of rotation from the turn indicator. 

2. Apply forward stick and full roll control 
into the direction of spin as the nose 
drops. 

3. Apply opposite rudder to stop rotation. 

4. Center the rudder and roll control as 
rotation stops. 

5. Start pull-out at 300 to 350 KIAS. 

6. If possible, avoid exceeding 450 KIAS 
and limit load factor during recovery. 



WARNING 



With uncontrollable conditions, 
eject at least 15,000 feet above the 
terrain whenever possible. 

CONTROL EFFECTIVENESS 

Generally control effectiveness is good. At 
high altitude and angle of attack roll control 
effectiveness is reduced. This is only a 
problem if an un start occurs in the down 
inlet in a turn. Refer to Inlet Duct UnsUrts, 
Section HI. 



SINGLE ENGINE 

The yawing moment rosulting from Asym- 
metric thrust Is large if an engine falls 
just after takeoff or a single engine go 
around is necessary. Approximately 2/3 
to full rudder deflection and 10 degrees or 
more bank into the good engine will be 
necessary to maintain control immediately 
after loss of power. Drag can then b« 
minimized by reducing pedal force and 
trimming to 7 to 9 rudder position Indi- 
cation, simultaneously using bank and side- 
slip toward the operating engine as neces- 
sary to maintain the desired flight path. 
The SAS automatically respond* with cor- 
rective control at the time of engine failure 
or go around power application and its re- 
sponse rate is faster than pilot reaction 
time. However, rudder control follow up 
by the pilot is necessary as the yaw SAS 
authority is limited to 8 degrees rudder de- 
flection. The SAS continues to apply rudder 
deflection as long as a sideslip is maintained, 
but this deflection Is not indicated by pedal 
position or by the rudder trim indicator. 

The amount of rudder deflection required 
during single engine operation decreases 
as airspeed is increased. During single 
engine cruise at 0.5 to 0.85 Mach number, 
the aircraft can maintain course with sur- 
face limiters engaged. Optimum rudder 
deflections are maintained by the SAS with- 
out using rudder trim when bank and side- 
slip toward the operating engine are used 
to maintain course. The bank angles re- 
quired approach 10°. 

Above Mach 2.8, engine failure, flameout 
or inlet un start may require yaw axis sta- 
bility augmentation to avoid excessive side- 
slip and bank angles which could cause the 
operative engine to stall or flameout. Inlet 
unstarts while at 450 KEAS and maximum 
power are quite severe. In these cases, 
unassisted pilot reaction is too slow to pro- 
vide all the control Immediately required. 
Pilot follow up Is necessary after the initial 
SAS corrections. 
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Before retarding the throttle to 
shutdown an engine, care must be 
exercised to properly identify the 
side on which the malfunction oc- 
curred. There have been cases 
where the operative engine was 
improperly identified as the source 
of the problem. 



NORMAL OPERATING CHARACTERISTICS 

Refer to Appendix I for specific perfor- 
mance information. 



Takeoff 

The aircraft accelerates rapidly to rotation 
speed once maximum thrust is set during 
takeoff. The nosewheel can be lifted 50 to 
60 knots below takeoff speed, but this is not 
advised because the drag that Is created de- 
creases the acceleration and extends the 
takeoff run. With lero degrees pitch trim, 
a stick force of approximately 25 pounds Is 
normally required to lift the nosewheel at 
rotation speed. Stick force must be relaxed 
during the rotation In order to check the 
nose up pitch rate. During maximum per- 
formance takeoffs, speed and attitude muat 
be monitored carefully to avoid over- 
rotating and dragging the tail. 

Climb 

Normal climbs to supersonic cruise speeds 
involve three phases of operation. These 
consist of a subsonic climb, a transonic ac- 
celeration to the supersonic climb schedule, 
and a supersonic climbing acceleration. 



There are no unusual characteristics during 
the subsonic phase except that a light air- 
frame buffet may be felt near 0.9 Mach 
number as airflow conditions near the 
tertiary doors and ejector flap areas change 

A Mach jump on the TDI Instrument will be 
observed between 0.98 and 1.03 Mach num- 
ber during transition to the supersonic 
climb speed schedule. No unique charac- 
teristics occur In this area; however, there 
is an area of decreased excess thrust from 
Mach 1.05 to Mach 1.15. A dive 
technique is used to Improve acceleration 
through this speed range. The transition 
should be made without other maneuvering 
if possible, as even shallow turns increase 
drag sufficiently to decrease acceleration 
and increase fuel consumption considerably. 
A noticeable Increase in acceleration can 
be expected after passing Mach 1.15. The 
pull up to establish climb attitude should be 
started 10-25 knots before the supersonic 
climb speed schedule is attained. This will 
reduce the possibility of overshooting the 
desired speed. 

The supersonic climb is Initiated when 
climb airspeed Is established at approxi- 
mately 30,000 feet. R Is essential to main- 
tain the schedule accurately to achieve best 
climb performance. Speeds which are 
higher than normal should be avoided be- 
cause limit airspeed can be approached In- 
advertently in a short period of rime. 

The aircraft does not respond Immediately 
to small pitch commands. This charac- 
teristic makes precise airspeed control 
difficult until experience is gained in the 
aircraft. If significant overspeed occurs, 
the recommended action Is to reduce power 
until climb speed can be reestablished 
rather than pull up shaj-ply and Impose load 
factors. 
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ELEVON REQUIRED TO TRIM 

ELEVON REQUIRED TO TRIM AT THE AFT CG CONDITION 



VARIATION OF TRIM WITH MACH NUMBER 400 AND 450 KEAS 
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VARIATION OF TRIM WITH AIRSPEED 
AT CONSTANT MACH NUMBER 
CG 7»% 
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Figure 6-3 
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A continual variation in trim is required 
during the acceleration to cruise speed, 
with the 450 KEAS schedule requiring more 
nose down trim than the 400 KEAS schedule. 
The variation of trim at the alt limit i« il- 
lustrated by figure 6-3. This figure also 
shows the variation of trim required with 
airspeed when operating near the aft e.g. 
limits. 



Occasional periods of inlet roughness may 
be encountered in the area between Mach 
2.5 and 2.8. It may also be encountered at 
climb speeds In the region above Mach 3.0j 
however, the roughness diminishes as 
cruising altitudes are reached and the equi- 
valent airspeed Is reduced from the climb 
airspeed schedule. 

The transition to cruise altitude and spaed 
is accomplished with power being reduced 
slowly as the initial cruise altitude Is ap- 
proached. 

Quite 

The following definitions have been adopted 
in order to categorize supersonic cruise 
operation. 

a. Maximum range (optimum) cruise 
profile - This type of operation 
yields maximum range for the Mach 
number specified. Power settings 
used are in the lower portion of the 
afterburner range (near the 82° PLA 
throttle mark). 

b. High altitude cruise profile - This type 
of operation yields altitude schedules 
which are above the maximum range 
and below the maximum ceiling profile. 
The specific range which results Is 
less than for maximum range, but 
reasonably efficient cruising schedules 
are maintained. 

c. Maximum ceiling profile - This type 
of operation requires continuous oper- 
ation at near maximum afterburner 
power setting for the Mach number 
specified. 



Changed 15 June 1968 



These types of operations employ a cruise 
climb that requires a gradual but continuous 
increase in altitude as fuel is consumed. 
The flight parameters are: Mach number, 
equivalent airspeed (KEAS) and altitude. 
These three variables are dependent upon 
one another. Gross weight, ambient temper- 
ature, and e.g. also have primary effects 
on performance capability. 

Mach, KEAS, Altitude Relatiomhip 

The selection of the values for any two of the 
Mach, KEAS, or altitude variables auto- 
matically defines the value of the third. For 
instance, if cruise is scheduled for Mach 3.1 
and the desired cruise altitude is Initially 
73,500 feet, the KEAS must be 395 knots. 

Effect Of Changing Air Temperature 

Ambient air temperature may appear to 
change abruptly as different air masses are 
encountered because of the high true air- 
speeds at cruise. Initially, if constant al- 
titude is maintained, flight into a warmer 
air mass will cause a decrease in Mach 
number and KEAS, and the true airspeed 
(TAS) and compressor inlet temperature 
(CIT) wiU remain constant for a short time. 
A higher TAS and CIT will result as the 
desired Mach number is re-eetablished. 
The opposite would occur as a result of fly- 
ing into a colder air mass. New cruise 
altitudes are usually required to compensate 
for effects of variations in ambient air tem- 
perature. 

Effect Of Mach Number 

Another characteristic of supersonic cruise 
is that any given gross weight and CIT, the 
altitudes for maximum range or maximum 
ceiling profiles increase with Mach number. 
As a rule of thumb, this increase is approxi- 
mately 1000 feet per 0.05 Mach number. A 
related characteristic is that if the Mach 
number is allowed to Increase slightly above 
that desired, and if the th rottle ia not re- 
tarded, the aircraft has an increasing am- 
ount of excess thrust. It is easy to exceed 
target Mach number inadvertently. 
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Maximum Range (Optimum) Crulte Profile 



At high Mach numbers, the maximum range 
(optimum) profile is a continuous cruise 
climb with the throttles in the afterburner 
range near the 82 PLA throttle mark. When 
at heavy weight, it may be necessary to 
initiate this type of profile by flying at a 
constant altitude {or a short period, slightly 
higher than the altitude for best specific 
range, in order to maintain KEAS at or be- 
low maximum operating limits. In this 
case, the initial cruise altitude achedule 
remains above the optimum until gross 
weight is reduced sufficiently to allow es- 
tablishment of a cruise climb. Cruise climb 
should not be continued above 85,000 feet 
(because of present operating restrictions). 

Tumi 

Constant altitude turns with 30° bank angle 
can normally be made by Increasing thrust. 
Asa rule of thumb, fuel flow and angle of 
attack increase in proportion to load factor. 
It is more economical to allow altitude to 
decrease while turning, maintaining con- 
stant power setting and Mach number during 
the turn, and regaining the altitude lost 
upon rolling out. KEAS should not be al- 
lowed to increase above the maximum oper- 
ating limits during descending turns. 

Moxlmum Celling Profile 

The maximum ceiling profile Is 5000 to 6000 
feet above the altitude schedule for maximum 
range. See Figure 6-4. StabUiring the air- 
craft on a cruise climb profile wherein the 
aircraft is constantly flying at its absolute 
ceiling at maximum afterburner is very dif- 
ficult. The only control the pilot has to 
maintain constant Mach number is to climb 
or descend. Therefore the maximum prac- 
tical altitude can be obtained by using slight- 
ly less than full power. 
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High Altitude Cruise Profle 

High altitude cruise profiles schedule the 
cruise climb altitude below the maximum 
afterburning ceiling. Continuous use of 
maximum afterburner is not required. 

Effect Of Mach Decrease 

The Mach number must not be aUowed to 
decrease more than 0.05 Mach number be- 
low the desired cruise speed. A small de- 
crease In Mach number and KEAS at con- 
stant altitude may cause the aircraft to 
intercept the ceiling for that speed and be- 
come thrust limited. A descent of several 
thousand feet may be required to re-estab- 
lish the desired cruise Mach number. 

NOT1 

Refer to Figure 6-4 for a summary 
of maximum range and celling alti- 
tudes for various Mach numbers, 
weights and ambient temperatures. 

High AlHrude Turn Technique 

Toms Lew Than 100° 

The techniques described below minimize 
altitude variations while turning and abnor- 
mal altitude losses which can be encountered 
if turns are Initiated near the maximum 
afterburner ceiling for the existing Mach 
number, gross weight and ambient temper- 
ature. 

NOTf 

Mach 3.2 is the target speed 

maximum altitude is the primary 
consideration. 
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c. When turn entry la scheduled from a 
high altitude cruise profile when at 
light weight and using partial after- 
burning for power nettings: 

1. Prior to turn, cruise at power 
required to maintain target 
Mach number at desired altitude. 
Mach 3.2 Is recommended when 
minimum altitude loss is th» 
primary consideration. 

2. Turn Mach Hold OFF and leave 
thi autopilot Attitude Hold mode 
engaged. 

3. Enter the turn with throttles set 
below maximum afterburning. 
While turning, adjust the throttles 
as required to control Mach 
number and adjust the autopilot 
pitch trim wheel to control alti- 
tude. Cruise altitude can bs 
maintained in most cases. 

Note 

Do not make abrupt pitch attitude 
changes. 

4. After 30° of turn, allow altitude 
to increase 1000 feet If sufficient 
excess thrust is available. 

5. After completing the turn, engage 
Mach Hold to maintain the desired 
cruise climb schedule, and use 
power as required. 



Descent 

Descent characteristics are not unusual ex- 
cept for the variation In flight path angle 
encountered during the supersonic decel- 
eration. Normal deceleration techniques 
include maintaining an optimum KEAS 
schedule to obtain maximum range and pre- 
vent exceeding er>»in- '--oling limitations. 
When cruise KEAS is higher than jptti.._m, 
altitude should be maintained after power 
reduction until KEAS decreases. When 



cruise KEAS Is lower than optimum, de- 
scent should be started Immediately after 
power reduction, maintaining cruise Mach 
number until desired KEAS is intercepted. 
The angle of descent varies from approxi- 
mately 1 initially to approximately 7 as 
Mach 1.0 is reached. 

Air Refueling 

Air refueling of these aircraft with the 
flying boom system of the KC-135 tankers 
poses no problem of compatibility and is 
normally accomplished between 25,000 and 
32,000 feet. The aircraft provides an ex- 
tremely stable platform with the SAS on. 
The only characteristic that causes some 
problem Is that, without afterburning, the 
aircraft may become power limited at the 
higher refueling altitudes before a maxi- 
mum onload can be completed. This re- 
quires using either a toboggan technique or 
a technique of completing the refueling with 
one afterburner on. 

Forward visibility in the observation and 
precontact positions is excellent, but up- 
ward, downward, and aft visibility Is re- 
stricted. Rendezvous is easiest from a 
slightly low position with the tanker within 
60 either side of the nose. The pilot's re- 
fueling visibility Is optimized by lowering 
his seat prior to contact. Depth perception 
through the vee windshield is slightly im- 
paired, and some pilots may prefer to use 
one side of the windshield during contact. 

A slight buffet will be felt as the contact 
position is reached. This is tanker down- 
wash and has no effect on the receiver ex- 
cept for a slight decelerating effect. Ac- 
celeration response of the engines is ex- 
cellent, and aircraft drag at refueling 
speeds produces correspondingly good de- 
celeration response. 

Overcontrol of the engines should be avoided 
while gaining and holding position due to non- 
linearity of throttle position vs engine thrust. 
A given throttle angle change near military 
power yields more thrust change than a 
similar change in the throttle mid range. 
The aircraft may become power limited if 
the afterburner-on technique is not used, 
and tobogganing descents of up to 1000 feet 
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per minute may be required as the military 
power throttle position Is approached. 
Asymmetric thrust is easily controlled 
when the afterburner -on technique is used. 

Light turbulence encountered while in con- 
tact poses no particular problem with SAS 
operating normally, and shallow turns of up 
to 20 bank angle can be made without diff- 
iculty. However, If all pitch SAS Including 
the back-up pitch damper are Inoperative, 
it is recommended that refueling not be at- 
tempted except in an emergency. The air- 
craft tends to be unstable without any pitch 
SAS, but control can be maintained under 
favorable conditions with fuel transferred 
to obtain a forward c. g. location. 

All disconnects should be made with a rear- 
ward and slightly downward relative motion 
with wings level. This will insure separa- 
tion of the boom from the receptacle with a 
straight line force. Side or rolling loads 
or excessive deviations from the desired 
elevation increase the possibility of boom 
and/or receptacle damage during disconnect. 

Night refueling Is essentially the same as 
for daytime operations except that added 
caution and effort Is required to avoid over- 
shoot, and the tendency toward throttle 
over -control while in contact Is Increased. 



Normally the aircraft is flown directly to 
touchdown rather than attempting to float 
just off the runway with subsequent settling 
at too high an attitude. Prompt chute de- 
ployment will result in momentary decel- 
eration loads of up to one g. The chute 
should not be deployed In the air because of 
the rapid deceleration and rate of sink that 
could develop, but It can be actuated before 
nosewheel contact without any unusual 
pitching tendencies. 

Practice landings with SAS off are not re- 
commended. Approach control during 
emergency landings with all pitch SAS off 
is increasingly more difficult if e.g. ap- 
proaches or exceeds the aft limit. 



Approoch ond Londin g 

Handling characteristics during approach 
and landing with SAS operative are good. 
Short period disturbances arc well damped, 
and rates of roll available for maneuvering 
are adequate. The aircraft can be held off 
the runway to speeds that are much lower 
than are recommended for landing. The 
touchdown attitude normally Is from 10° to 
12 angle of attack. There Is a risk of 
damage to the aft fuselage if the touchdown 
attitude exceeds 14°. 
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ENGINE 

ENGINE TRIMMING 

On many engines, engine trim adjustment 
can be accomplished only on a test stand or 
while the aircraft is on the ground. One of 
the features affecting operation of these 
aircraft is an engine trim device which ie 
operated from the cockpit. The trimmer is 
normally used to maintain EOT within » re- 



commended operating range in flight when 
at or near Military thrust or when the after 
burner is operating. It modifies the turbine 
inlet temperature vs compressor inlet tem- 
perature scheduling characteristics of the 
main fuel control. Changes in engine trim 
are indicated by the EGT gage. Trimming 
has little direct effect on afterburner op- 
eration, but the trimmer is the only main 
engine control available to the pilot when a 
throttle is set in the afterburner range. 
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NORMAL EXHAUST GAS TRIM TEMPERATURE 
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NORMAL TRIM OPERATION 



The following describes the normal u«e of 
trim capability at the present time. 



1. Wheels - Check chocked. 

2. Throttles - MILITARY momentarily 
then IDLE. 



Prior to Takeoff 

A trim run is usually made on the end of the 
runway prior to takeoff using the following 
procedure: 



This serves to unload the trimmer and 
reduce hysteresis. 

3. Throttles - MILITARY until EGT sta- 
bilizes. 
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4. EGT trim switches - As required per 
figure 7-1. 

5. Throttle - IDLE rapidly. 

This throttle chop serves to check the 
proper sequence of bleed operation by 
the absence of compressor stall. 

Climb ond Cruise 

Trim as necessary after takeoff and while 
accelerating to 60 C CIT to maintain EGT 
less than 845 C. EGT must be maintained 
below 805°C when above 60°C CIT. It is 
recommended that the EGT be maintained 
between 775°C and 805°C during cruise. 

Subwnic Operation 

The engine fuel control is scheduled to re- 
duce turbine temperature rather rapidly as 
compressor inlet temperature falls below 
5°C to preclude the possibility of engine 
stall. The EGT trim may be used in this 
operating regime to up trim the engine if 
required. It may be possible to increase 
the EGT more than 50 C but in most cases 
the increase will be less since the uptrim 
range is a function of the original trim 
setting. 




Uptrtmmlng In the low temperature 
area can cause over temperature 
during subsequent aircraft accel- 
eration or above 5 C CIT unless 
the EGT trim Is reset to nominal 
schedule prior to acceleration. 

Effect of Engine Thrust Vcrlorlon with EGT 

Figure 7-2 illustrates the typical variation 
of engine thrust with EGT at scheduled rpm. 



Mach 3.2 and 80,000 feet. For a given level 
of thrust, higher throttle settings and in- 
creased fuel flow are required as EGT Is 
decreased. Full throttle ceilings in cruise 
and while turning are reduced; this occurs 
because combined burning efficiency of the 
engine and AB decreases with lowered EGT. 
The degradation in thrust for all throttle 
settings, at Mach 3.2 and 80,000 feet, is 
approximately 1.3 percent per 10 C of EGT 
decrease. Although only one flight condition 
is illustrated, the trend is the same for 
other flight conditions. 

Effect of RPM Suppression on MAXIMUM 
THRUST 

As EGT decreases, the engine nozzle opens 
to maintain scheduled rpm. At high Mach 
number and maximum power, low EGT may- 
cause the nozzle to open fully and any further 
EGT decrease will result in rpm suppres- 
sion below schedule. When this condition 
occurs the engine speed will suppress ap- 
proximately 50 rpm for each 10 C of EGT 
decrease. The airflow through the engine 
decreases due to tho suppressed rpm, lead- 
ing to a higher Inlet duct bypass require- 
ment and opening of the forward bypass 
doora. At Mach 3.2 this results in a thrust 
degradatl6n and drag increase of approxi- 
mately 3.5 percent per 10°C of EGT de- 
crease for each affected engine. If Mach 
number decreases as a result of the change 
in thrust and drag, the spikes schedule 
more forward and the forward bypass doors 
open further. Performance will deterio- 
rate rapidly under these cumulative effects 
and it is recommended that cruise EGT be 
maintained between 775 C and 805 C to 
avoid the possibility of this situation oc- 
curring. 

After Air Refueling 

The KC-135 crew can advise the pilot of the 
proper engine trim to be set when the air- 
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craft departs the tanker. Figure 7-1 pro- 
vides engine exhaust gas temperature vs 
KC-135 indicated free air temperature. 

NOTI 

If an EGT increase between Mili- 
tary and maximum afterburning 
power exists the pilot should also 
be briefed on the amount of EGT 
increase. 



TRIMMING WITH SURGE SENSITIVE ENGINES 

Some engines have surged during ground 
operation while at turbine discharge tem- 
peratures (EGT's) specified for takeoff by 
the respective EGT trim curves. This ten- 
dency to surge, when it appears, is greater 
at lower ambient temperatures. Surge sen- 
sitive engines have not exhibited this pro- 
blem in flight. Most of these engines can be 
identified prior to flight; however, engines 
with no previous surge history have developed 
into surgers after exposure to descents from 
high Mach numbers. 

If an engine surges during pre takeoff trim, 
down trim to eliminate surge but do not 
trim lower than 60 C below the desired 
trim point for the ambient temperature. 

NOTI 

. Surging is a ground run problem 

only. 

. Engine thrust is reduced about 210 
pounds at sea level static for each 
10 C of EGT down trl m from the 
normal trt m curve. After takeoff 
engines down trimmed for surge 
protection should be up trimmed 
to 775 C EGT when CIT reaches 
0°C. 



INLET OPERATION 

SPIKE AND BYPASS CONTROL 

1. When an inlet unstarts above approx. 
2.0 Mn, 

2. During normal scheduling as Mach de- 
creases to 1.6 Mn, or with variations 
in angle of attack or yaw angle, 

3. When descending past approximately 
30.000 feet. 

Spike is moved forward if the spike knob is 
not in AUTO: 

1. If FWD position Is selected. 

2. If 1.4 position is selected. 

Spike is moved forward under the following 
conditions: 

1. The restart switch is actuated to ON. 

2. If L or B hydraulic pressure to the 
spike actuator fails below Mach 1.6 
and at higher Mach number unless the 
inlet is unstarted. 

3. (On the left side) the number 2 inverter 
fails, the L SPIKE k DB ICS circuit 
breaker opens, or if the L SPIKE k DR 
LVDT circuit breaker opens. 

4. (On the right side) the number 3 in- 
verter fails, the R SPIKE k DR ICS 
circuit breaker opens, or the R SPIKE 
k DR LVDT circuit breaker opens. 

5. The emergency spike forward switch is 
actuated to the forward position follow- 
ing confirmed loss of hydraulic pres- 
sure. 

Forward bypass opens or moves toward 
open when the control knob is in AUTO 
under the following conditions: 
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RANGE OF CIP OPERATING PRESSURES 




Figure 7-3 



1. When an inlet unstarts above 2.0 Mn. 

2. Per the automatic schedule. 

3. During periods of rapid HPM decrease. 

4. When manual spike it selected. 

The forward bypass opens or move* toward 
open when the forward bypass control is not 
in AUTO under the following conditioner 

1. As a lower number position or OPEN 
is selected. 

2. As a function of the manual spike knob 
position selected, up to approximately 
one inch of door opening variation. 



3. Restart switch is actuated to ON or 
forward bypass open. 

4. The L or R hydraulic pressure to the 
door actuator faila. 

5. (On the left side) the number 2 in- 
verter falls, the L, SPIKE ic OR ICS 
circuit breaker opens. 

6. (On the right side) the number 3 in- 
verter fails, the R SPIKE & OR ICS 
circuit breaker opens, or the R SPIKE 
& DR LVDT circuit breaker opens. 
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7. The main landing gear doors are open. 

The forward bypass is closed when the 
speed is below Mach 1.4, except when the 
main landing gear doors are open. 

CIP INDICATIONS 

The position of the third striped pointer on 
the CIP gage Is controlled by an output 
signal from the air data computer from 
pressures sensed by the pltot static system. 
The indication Is scheduled in accordance 
with automatically computed values of Mach 
number and KEAS so that the striped pointer 
shows a "normal" CIP (+1.1 psia) (see 
figure 7-4) for the flight condition if over 
250 KEAS and Mach 1.8. Values indicated 
while at lower speed conditions are not in- 
tended to be representative of normal inlet 
pressures. Above the minimum speed 
range a substantial difference between the 
"normal" and actual CIP pointer indicates 
improper inlet operation. Higher actual 
pressures than "normal" indicate possible 
unstart conditions. Lower than normal 
actual pressures indicates poor pressure 
recovery due to improper spike and/or by- 
pass settings except when at abnormal 
angles of attack or in yaw conditions where 
inlet operation is automatically biased to 
produce less than normal recovery. The 
normal spread between CIP indications { i , 
U R pointers) should not exceed I psi. The 
difference between cither L or B pointer 
and the striped pointer should not exceed 1 
psi. The striped pointer may be used as a 
guide for bypass door settings during man- 
ual operation of one or both inlets and it is 
preferable to keep the L and/or R pointer 
slightly below the "normal" indication to 
maintain a margin below unstart pressures. 
Continued automatic or manual inlet oper- 
cation at pressures substantially below the 
"normal" indication can result in loss of 
aircraft range. 



NOTl 

As the total tolerance of the striped 
pointer can be as much as 1.1 psi 
at maximum Mach number, it is 
possible for a properly operating 
inlet to be above the "normal" In- 
dication. 



FUEL SYSTEM OPERATION 

NORMAL FUEL TANK SEQUENCING 

The normal sequence of fuel usage with the 
aircraft fully fueled is completely auto- 
matic. After tank 1 fuel is used, this auto- 
matic sequencing maintains c. g. in the 
range from 25.5% to 26.9% MAC for opti- 
mum high speed cruise at altitude. Starting, 
taxi and takeoff are normally accomplished 
with the pumps in tanks 1, 2, and 6 feeding 
the engines. Tank 1 normally empties dur- 
ing climbout or shortly after supersonic 
speeds are reached, then tank 2 continues 
feeding the left engine and tank 6 the right 
engine. As tank 2 approaches empty a float 
switch starts the pumps in tank 3. When 
tank 2 becomes empty, a second float turns 
off the tank 2 pumps. Any residual fuel in 
the tank is pumped Into tank 3 by the Jet 
pump system. The float switch on tank 6 
turns on the pump in tank 5 and the Second 
(empty) float switch turns off the tank 6 
pumps. As tank 3 approaches empty the 
two pumps in tank 4 feeding the left mani- 
fold are started and as tank 5 approaches 
empty the other two pumps in tank 4 feeding 
the right manifold are started. Aft transfer 
of fuel to tank 6 to control c. g. is accom- 
plished automatically through the left mani- 
fold. Aft transfer occurs at any time when 
tank 6 pumps are on, space is available, 
tank 2 fuel is above the 2400-6000 pounds 
level as shown on figure 7-4 and both 
throttles are in the afterburner position. 
When aft transfer is in operation, tank 1 is 
feeding and tank 6 is nearly full the maxi- 
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mum aft transfer rate is approximately 250 
lbs per minute. If space ia available in 
tank 6 such as for a ground takeoff after a 
non-afterburning period, the transfer rate 
is approximately 320 lb per minute. These 
rates are based on the present .649 size 
orifice. 



JET PUMP SYSTEM 

A system of six jet pumps is installed. 
These transfer residual fuel from tanks 
which are almost empty to tanks whose 
boost pumps are operating. Jet pumps 
scavenge tanks 1, 2, 3, 5 and 6. Fuel 
from tank 1 Is scavenged by the jet pump in 
tank 2. Boost pump 3-1 operates the jet 
pump which scavenge tank 2. Boost pump 

4- 4 operates the jet pump to scavenge tank 
3. Boost pump 4-3 operates the jet pump 
to scavenge tank 5 and tank pumps 5-1 and 

5- 2 operate 2 jet pumps to scavenge tank 6. 
Jet pump usage is entirely automatic and 
requires no attention by the pilot. A tube 
from the boost pump outlet to the jet pump 
expands a bellows which opens a valve con- 
necting a suction tube from the previous 
sequenced tank to the low pressure section 
of a venturi. When a boost pump is not 
running, the bellows in its associated jet 
pump contracts and closes the suction tube 
between the tanks. 

TANK 4 ULLAGE SYSTEM 

Through action of bypass and relief valves, 
excess cooling loop and engine fuel hy- 
draulic system fuel not burned by the engine, 
or hot fuel not accepted by the fuel control , 
(smart valve) may be returned to tank 4. If 
tank 4 is close to being full, a dual float 
switch activates pump 4-1 to furnish tank 4 
fuel to the fuel manifold and create an ullage 
space in tank 4. This same float Switch 
also turns off pump 2-1. When pump 4-1 is 
running pump 2 • 1 can not run. A second 
back up float switch controls pump 4-2 and 



prevents pump 6-1 from operating when 
pump 4-2 is running. The operation of the 
tank 4 ullage system is automatic and the 
cockpit fuel pump lights will not indicate 
when tank purnps 4-1 and 4-2 are operating. 
However, the fuel quantity indicator may 
show a drop in tank 4 fuel. 

NOT! 

The float switches are wired In 
series so that if one switch should 
stick closed pumps 4-1 and 4-2 will 
not keep running and so cause a 
premature depletion of tank 4 fuel. 



FUEL TANK EMPTY LIGHT SEQUENCING 

When tanks 1, 2 or 6 are empty the yellow 
EMPTY lights Illuminate in the pushbutton 
switches. The empty lights for each tank 
will also Illuminate for tank 3, 5 and 4 if 
normal sequence has been used. However, 
tanks 3, 5, and 4 do not always show an 
empty light if fuel has been used out of the 
normal sequence. 

Tank 6 must be nearly empty before tank 5 
empty light will Illuminate. Tank 2 must 
be nearly, empty before the tank 3 light will 
illuminate, and tank 5 must be nearly empty 
before the tank 4 empty light will illuminate 
Tank 4 has a low warning light which oper- 
ates independently of the tank empty light 
sequencing at the 5000 lb level. The in- 
dividual tank quantities can also be checked 
if out of sequence fuel usage is suspected. 

IN-FLIGHT REFUELING 

In flight, all tanks can refuel simultaneously 
at invidivudal rates which vary from 550 ppm 
(tank M to approximately 1150 ppm (aft tank). 
The initial transfer rate if all tanks have 
space to accept fuel is approximately 5000 
ppm with normal tanker nozzle pressure. 
The rate decreases as individual tanks are 
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filled, becoming 1500 to 550 ppm as the last 
tank* are topped off. Engine fuel require- 
ments during refueling increase an the tanks 
fill, ranging from approximately 270 to 400 
ppm total . 



FUEL MANAGEMENT PRIOR TO REFUELING 

Up to 4000 pounds of fuel should be trans- 
ferred to tank I prior to making a refueling 
contact. The transfer improves the un- 
augmentcd pitch stability of the aircraft by 
moving Its center of gravity forward. With 
normal SAS operation, there la no marked 
change in handling characteristics. 

In some cases a tanker rendezvous may be 
made after a high speed run with tank 4 full 
or almost full, and fuel remaining in tank 5. 
Normal forward transfer would empty tank 
5 first. Tank 4 only forward transfer is 
more desirable in this case to make the 
maximum amount of apace available in that 
tank for cool fuel from the tanker. This 
improves the fuel heat sink capability. This 
also speeds up the refueling operation. Hot 
fuel transferred from tank 4 ta consumed 
from tank 1 when its pumps start. With both 
generators functioning normally, the air 
refueling procedure may be accomplished 
without any fuel management action except 
that failure to make a Tank 4 XFR Only be- 
fore an air refueling will affect the tem- 
perature of the fuel in tank 4 after the air 
refueling is completed. 

FUEL MANAGEMENT DURING REFUELING 

During refueling, the engines are supplied 
by normal pump sequencing. Tank 4 pumps, 
or any other pumps, will remain on If they 
have been turned on by manual sequencing. 
With the forward transfer switch off, tank 



1 pumps will continue to supply both mani- 
folds as long as fuel remains in that tank. 
With the forward transfer switch on, tank 1 
pumps are made inoperative unless tank 1 
is selected manually or tank 4 reaches 800 
lbs. If not selected manually, tank 4 will 
be shut off when tanks 3 and 5 receive fuel 
and the start tank 4 float switches in the 
bottom of those tanks are opened. 



SUBSONIC CRUISE FUEL MANAGEMENT 

The aircraft fuel system sequencing was 
designed to optimize the aircraft c. g. at 
normal cruise. The recommended c. g. for 
subsonic flight is between 19% and 25% as 
stated in Section V. 

For subsonic cruise the following procedure 
will keep the CG within the recommended 
limit* for subsonic flight. 

At 57,000 lbs fuel remaining or after take- 
off if initial load is less than 57,000 lbs, 
turn forward transfer switch ON. Leave 
forward transfer switch ON until before 
landing check or when starting acceleration 
if final porUon of flight is supersonic. 



FLIGHT CONTROL SYSTEM 

Do not move the control stick during engine 
start. The Inboard and outboard clevons 
may not deflect simultaneously or equally 
when powered by one hydraulic system if 
pressure is less than 1500 pst. This is due 
to unequal friction in the inboard and out- 
board sets of elevon actuators. A preloaded 
spring in the control pushrod mechanism 
can move from its detent position as a re- 
sult of unequal elevon movement. Restor- 
ation of normal hydraulic prossure should 
cause the elevons to resume normal sym- 
metry and restore the spring to its detentcd 
position. However, an inspection is re- 
quired to ascertain that the spring has reset 
properly. 
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STABILITY AUGMENTATION SYSTEM 

Pitch Axlt Chorocteriitics Due to Logged Pitch 
Rote Switching 

SAS Lagged Pitch Hate switching may cause 
transient load factors to develop when 
climbing or descending through 50,000 feet. 
This is a normal SAS characteristic which 
results from the design of the SAS pitch 
rate damping circuits. 

Signals from the SAS pitch gyros always go 
to a straight -through circuit that varies the 
pitch rate gain (damping response rate) 
with pitot differential pressure. In addition 
to this path, the signals go through a Lagged 
pitch rate circuit that changes the pitch 
rate gain when above 50,000 ft. altitude. 
Xn a descent, the lagged pitch rate term is 
switched out at 50, 000 ft. , but this does 
not instantly remove the existing command. 
The signal that existed prior to switching 
drops Instantly to a level equal to 12/13 of 
its value for the higher altitude. The 
remainder of the signal decays exponetially 
to zero with a time constant of 13 Beconds. 

These two pitch rate gains are summed 
prior to introduction into the servo ampli- 
fier*. Therefore, as the aircraft descends 
toward 50, 000 ft. in a turn, the SAS is 
supplying an input to the pitch transfer 
valves as a function of aircraft bank angle, 
Mach number, altitude, and pitch rate, 
causing the elevon surfaces to be deflected 
from the position commanded by stick 
position and trim setting as long as there is 
an aircraft pitch rate. The nose up pitch 
rate causes the SAS to oppose pilot control 
and/or trim action by interposing a down 
elevon deflection increment. 

When the aircraft passes through 50.000 ft. 
altitude while descending, the lagged pitch 
rate term is switched out of the circuit, 
causing the pitch rate gain to reduce to that 
of the straight through circuit. Response to 
control stick positioning becomes more 
positive, SAS opposition to the pilot induced 



pitch rate is reduced, and the elevons are 
automatically repositioned to a new angle 
which is governed by the lesser SAS gain. 
The aircraft responds to this surface 
change by exhibiting a bump in the nose up 
pitch direction. Repositioning of the 
control stick and/or rctrimming is neces- 
sary, with the amount of change being a 
function of pitch rate desired before and 
after the transition. The reverse action 
Is prevalent if the aircraft is in an ascending 
turn. 

During transitions through 50, 000 ft. with 
no pitch rate, i. e. , straight line climb or 
descent, the gain will switch at 50,000 
feet with no resulting aircraft movement. 
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BRAKE SYSTEM OPERATION 

To stop an airplane, the kinetic energy muat 
be absorbed by aerodynamic drag, braking 
action and rolling friction. The variable 
relationship of these factors is modified by 
the landing or aborted takeoff roll distance, 
speed at the beginning of deceleration and 
weight. Rolling friction, although of con- 
siderable effect, is neglected in the follow- 
ing discussion. Aerodynamic braking is 
composed of drag effects of the airplanes 
surfaces and the drag chute. The most 
effective airplane surfaces are the wing and 
elevons. 

Braking action is limited by three factors; 
braking friction available between the tires 
and the runway, methods of brake appli- 
cation and the kinetic energy limits of the 
brakes. Rated brake capability is shown in 
figure 5-8. Braking friction available de- 
pends on runway conditions, weight, and 
positive or negative aerodynamic lift condi- 
tions. Other considerations affecting stop- 
ping capability arc tire hydroplaning effects, 
efficiency of anti-skid devices and pilot 
technique. Techniques must be varied de- 
pending on conditions existing at the time. 
Speed at start of deceleration will be de- 
pendent on touchdown speed during landings 
and time required to deploy the chute and 
apply brakes. Aborted takeoff speed will 
depend on the abort decision point and speed 
increase during the period for pilot reaction. 
Weight factors will differ depending on nor- 
mal or emergency landings or aborted take- 
offs. Stopping techniques and/or procedures 
must also be varied depending on deployment 
or non-deployment of drag chute, runway 
length, weather conditions and tire capabil- 
ity. 

Drag chute failure procedures in Section HI 
are mainly intended for landing weight con- 
ditions although the procedures are some- 
what applicable to aborted takeoff weights 
also. The following braking technique dis- 
cussion is mainly applicable to heavy weight 
aborted takeoffs. 



Broking On Dry Runwoys - Anti-Skid On 



Energize the brakes smoothly with mod- 
erate to heavy pressure with the no«ewheel 
on the runway for dry runway conditions. 
It is unlikely that the anti-skid system will 
actuate on dry runways at weights over 
120,000 pounds. At lighter weights, it is 
possible to cause momentary wheel spindown 
and, If this occurs, the center tires are 
more susceptible to blowout. 



Pilot judgement regarding braking technique 
must be used after drag chute deployment. 
Brake pressure may be relaxed If a rela- 
tively low speed can be attained after a 
short run with ample distance remaining. 
However, if distance Is critical or a long 
run would result, maximum use of brakes 
must be continued until the stop is assured. 
This requires hard and continuous brake 
pressure. 

MOT£ 

Hard braking may result in brake 
seizure after stopping, increasing 
time to clear the runway. If pos- 
sible, keep the aircraft moving at 
slow speed until clear of the run- 
way. Taxiing at low speed to clear 
a runway is permitted with all tires 
failed on a main gear. The massive 
tire bead tends to protect the wheels 
for a short distance at heavy weight. 

Long runs at heavy weights may result in 
blown tires due to sidewall failures. Fail- 
ure of one tire will usually overload the re- 
maining tires on that side and probably 
cause successive failures. Therefore, 
sufficient brake pressure should be main- 
tained during and after chute deployment to 
minimize stop distance. This reduces heat 
build-up in the tires which is characteristic 
of extended roll -outs at heavy weight. If 
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tire failure is known or suspected, maintain 
enough brake pressure to prevent wheel 
spin-up and, possibly, wheel and/or tire 
disintegration at high rotational speeds. 

NOTl 

. With a dry runway, do not use up 
elevon as a method of increasing 
braking force because of the addi- 
tional risk of tire fatigue failure. 
A faster stop is possible with the 
rolling stock intact. 

. If tires blow with either wet or 
dry conditions, increased brake 
pressure on that side Is required 
to maintain braking force with the 
remaining tires. 

. Rated brake energy capacities and 
associated maximum braking 
speeds may be disregarded during 
aborted takeoffs. It Is considered 
better to use the brakes at high 
speed, as tire failure may occur 
if the roll is extended by delayed 
braking. 

Broking on Wet Runwoyt 

Energize the brakes smoothly with light to 
moderate pressure and the nosewheel on 
the runway for wet or slippery runway con- 
ditions. If the drag chute docs not deploy, 
select NORMAL {or ALT STEER & BRAKE 
if the left engine has failed), and then shut 
down a failed engine, or shutdown the right 
engine If there has been no engine failure, 
in order to reduce thrust and increase brak- 
ing effectiveness. Also use moderate up 
elevons so as to provide as much drag as 
posssible without lifting the nosewheel. The 
increased gear load may cause tire failure 
at heavy weight; however, tire failure may 
be acceptable since the tires will not neces- 
sarily disintegrate. Braking deceleration 



available is nearly the same for braked tire 
rolling and blown tire locked conditions with 
a wet surface. Locked wheel skids of up to 
7000 feet have left the wheels undamaged 
during wet runway testing. 

Unless hydroplaning is encountered, good 
nosewheel and rudder steering character- 
istics can be expected and have been de- 
monstrated during stops on wet runways 
with and without the drag chute, with all 
main gear tires blown and wheels locked, 
and with one engine shut down. 

Hydroplaning in various forms is a limiting 
factor with wet runway conditions and, al- 
though nosewheel and rudder steering re- 
main effective, wheel braking force is nill 
until the tires can make contact with the 
runway. The aircraft tends to follow a tra- 
jectory and will drift with a crosswind. Ex- 
cept for the extended stop distance involved, 
skids across or into dry runway areas are 
the chief hazard of wet runway stops. The 
wheels tend to lock-up and cause blown 
tires while sliding on a wet surface. Ory 
areas tend to destroy the tires due to in- 
creased friction or wheel spin-up. ThU 
allows the wheels to make runway contact 
and may ultimately destroy the wheels and 
then the brake assemblies. Even so, the 
aircraft can probably survive on the landing 
gear struts so long as It remains on the 
main runway, or on a hard surface over- 
run where there is a smooth transition 
from runway to overrun. 
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INTRODUCTION 



Except for repetition necessary for emphasis or continuity of thought, this 
section contains only those procedures which differ from or are in addition 
to the normal procedures supplied in Section II. 



INSTRUMENT FLIGHT PROCEDURES 



These aircraft handle well during all phase* 
of instrument flight whon operated in accord- 
ance with procedures specified in the follow- 
ing paragraphs. As with all high perfor- 
mance jet aircraft, constant attention to 
flight instruments is required. Normal jet 
instrument techniques are satisfactory for 
operation during instrument conditions. Nav- 
igational aids include an Incrtial Navigation 



System. TACAN, ILS and ADF. IFF is als< 
installed, as are the directional and ranging 
features of the ARC/50 radio. 

The ships pitot static system is the primarx 
•peed and altitude reference during takeoff.' 
penetration, approach and landing. Speeds 
given here are knots indicated airspeed 
( KIAS) . Equivalent airspeedB (KEAS) and 
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altitude information from the air data com- 
puter system <TDI instrument) can be used; 
however, TDI response may not be as rapid 
as the ship system indications during tran- 
sient airspeed situations. 



INSTRUMENT TAKEOFF 

Maximum thrust will be used for instrument 
takeoffs, using procedures identical to those 
contained in Section II. The following pro- 
cedures supplement those given In Section II; 



The stall warning indication is referenced 
to pitot total pressure and to the attitude 
probe In the Ro»e mount pitot-static boom. 
It is independent of pltot-sutic pressures 
sensed by the ship and air data computer 
systems to that extent. Pitot heat should be 
sufficient to keep both the pilot head and the 
attitude probe operating during Icing con- 
ditions. 



NOTE 



Keep pitot heat on during all sub- 
sonic instrument flight operations. 



BEFORE INSTRUMENT TAKEOFF 

After aligning the aircraft with the center- 
line of the runway, check synchronization 
of the TBS compass, check the INS mode 
• elector In FHS position, and set the atti- 
tude indicator so that the miniature airplane 
is level with the horizon line. The BDHI 
No. 1 needle selector switch is placed in 
the TACAN position to display TACAN bear- 
ing Information on the No. 1 needle of the 
BDHI. 



NOTE 

The FRS compass will be used for 
heading reference during all take- 
offs and instrument departures. 



a. Rotation - Begin at computed rotation 
speed. Apply smooth, constant back 
pressure to establish an indication of 
+ 10 to + 12 degrees on the attitude 
indicator In about five seconds. The 
aircraft will fly off the runway at nor- 
mal airspeeds. 

b. Maintain 10 to 12 degree pitch attitude 
indication while accelerating to desired 
climb speed. The altimeter and ver- 
tical velocity indicator should show a 
definite climb indication before retract- 
ing the landing gear. Care must be 
exercised to insure that a positive rate 
of climb is maintained during accele- 
ration to climb speed in order to pre- 
vent the aircraft from settling back to 
the runway surface. 

NOTf 

Initial Indications of the altimeter 
and vertical speed indicator may 
be that of a slight descent. 

c. Landing gear lever - UP when definite- 
ly airborne. 

d. Throttles - Minimum afterburning after 
gear up is indicated. Military thrust 
may be set as 300 KIAS is approached 
when a Military power climb is used 
for instrument departure. 

NOTE 



Use Indicated Airspeed during take- 
off and climb until proper climb 
speed schedule is reached on the 
TDI. 
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INSTRUMENT CLIMB 

Instrument cLimb.i v. sing the normal air- 
speed and afterburner schedules can be 
made safely. It may be desirable to main- 
tain maximum afterburning after takeoff 
at heavy weight*, but allowances must be 
made for the more rapid acceleration and 
steeper than normal climb attitude. It is 
highly recommended that the normal after- 
burning schedule be used after takeoff. This 
minimizes the possibility of exceeding the 
desired climb speed schedule. It also pro- 
vides more time for ECT control if this is 
required. Maximum thrust may be resumed 
if desired after stabilizing at the proper 
climb speed. 

NOTI 

. Reduce climb speed if rough air is 
encountered as described in Op- 
eration In Turbulence, this section. 

. The TDI and ship system pitot- 
static flight instruments should 
be cross checked periodically 
during instrument flight to con- 
firm proper operation. 

Restrict all turning maneuvers to 30° max- 
imum bank angle during low altitude instru- 
ment flight. 



MILITARY THRUST CUMBS 

The optimum VFR Military thrust Schedule 
is suitable for instrument climbs to inter- 
mediate altitudes. As soon as the climb 
schedule is intercepted, the TDI becomes 
the primary pitch control instrument for 
the remainder of the climb. 



INSTRUMENT CRUISING FLIGHT 

Establish cruising airspeed at the desired 
altitude and retrim the aircraft. After 



Instrument Departure Instructions have 
been accomplished, the BDHI may be 
switched to display INS navigation infor- 
mation as required for mission completion. 
Readjust the horizon bar on the attitude in- 
dicator to indicate level flight attitude when 
the aircraft ia in level flight at cruising 
airspeed. These aircraft have excellent 
handling characteristics throughout their 
normal flight speed range if properly 
trimmed and flown by reference to the 
flight instruments. 

NOTE 

Below Flight Level 180, the alti- 
meter mint be set to station 
pressure and used to maintain 
assigned altitude. 

TURNS 

A constant 30° angle of bank may be used 
for all turns except rate turns when re- 
quired or desired. 



STEEP TURNS 

Any angle of bank exceeding 30° is consid- 
ered a steep turn. The aircraft is easily 
controlled on instruments in banks up to 
60 ; however, due to structural load re- 
strictions, bank angles in excess of 45° 
should be avoided. 



HOLDING 

Holding patterns and descents between 
holding levels should be flown at 275 KIAS 
at altitudes from 35,000 ft to 20,000 feet. 
(KEAS ranges between 260 and 270 knots at 
these altitudes. ) Approximately 6200 rpm 
will be required. At normal weights, 
average fuel flow while turning varies from 
approximately 5500 pph per engine at the 
higher altitudes to approximately 6500 pph 
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JET PENETRATION AND TACAN APPROACH (Typical) 



MOWING: 275 KIAS 
HIGH MTI7UM 




Figure 9-1 
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at 20,000 feet. The rate decrease* about 
500 pph per engine during straight legs. 
Somewhat lower airspeeds can be used, if 
desired, if there is little or no turbulence. 
To descend between holding levels, reduce 
power until S00 to 1000 feet above the de- 
sired altitude. Refer to Appendix for loiter 
performance. 



NOTI 

. The IKS mode selector must be 
placed in the FRS position prior to 
initial station passage and entry 
into the holding pattern. 

. Check the FRS compass for syn- 
chronisation and that the BDHI 
No. 1 needle selector switch is 
in the desired TACAN or ADF 
position. 

. When the BDHI No. 1 needle se- 
lector switch is placed In the 
TACAN or ADF position and the 
INS mode selector switch is placed 
in the FRS position, the No. 1 
needle of the BDHI will display 
magnetic bearing to the selected 
ADF or TACAN station provided 
the AN/ARC-50 function switch is 
not in the ADF position. For the 
same conditions except with rNS 
mode selected, true heading will 
be displayed. 



JET PENETRATION 

The ships pitot-static Instruments are the 
primary flight instruments during a penetra- 
tion procedure descent. These penetrations 
are flown at 300 KIAS with power sot at 
5500 rpm. Initial rate of descent will be 
3000 to 4000 fpm. Approximately 4000 pph 
per engine fuel flow can bo expected for 
normal weights when starting from 20,000 
feet. The initial rpm should be maintained 
and fuel flow allowed to increase as altitude 
is lost. 



NOtf 

Engine speeds below 5000 rpm 
should be avoided to prevent cy- 
cling of the engine start bleed 
valves. TACAN will be Inoper- 
ative if left engine rpm is below 
approximately 4500. 

The landing gear may be used for additional 
drag during the penetration if desired, but 
should be extended no earlier than middle 
station passage and no later than the turn 
to final approach when making a procedure 
turn to final approach heading. In a normal 
teardrop penetration or straight in approach 
the landing goar should be extended prior 
to the final approach gate. At normal ap- 
proach gross weights, maintain 230 to 250 
KIAS after level off through the turn to 
final approach. Total fuel flow Increases 
to approximately 13,000 lb/hr with the gear 
down. Final approach speeds are identical 
to those for normal traffic patterns and 
landings and will be adjusted for existing 
gross weight. For a single engine approach 
the gear should not be extended until final 
approach is initiated. Minimum approach 
speed is 200 KIAS for a single engine ap- 
proach. 



MOTf 

Fuel requirod for a typical tear- 
drop penetration is from 1000 to 
1700 pounds. 



INSTRUMENT APPROACHES 

These aircraft are equipped to make either 
TACAN, ILS or ADF approaches. Pre- 
cision Approach Radar (PAR) approaches 
may also be made. When flown as recom- 
mended, aircraft control response Is good 
at all times. The downwind or outbound 
portions of all approaches are flown at 250 
KIAS with the landing gear down. The base 
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leg or procedure turn portions are flown 
230 KIAS . The minimum final approach 
speed is 165 KIAS and should be Increased 
by one knot for each 1000 pounds of fuel re- 
maining over 5000 pound* under normal op- 
erating conditions. With one engine inop- 
erative, hold gear extension until the final 
turn is completed and maintain a minimum 
final approach speed of 200 KIAS . 

NOTf 

. When the left engine has failed, 
the landing gear must be extended 
using the Emergency Landing Gear 
Extension procedure. The pilot 
should be aware of the time required 
and of the other aircraft systems 
which are affected by loss of the 
left engine. 

. Altimeter position error correc- 
tions are small at instrument 
approach speeds and may be 
neglected. 

• 

. Use the rain remover and wind- 
shield defog and deice systems 
as needed. 



MISSED APPROACH AND GO-AROUND 

Apply Military thrust as soon as it is de- 
termined that a go-around is necessary. 
Use afterburning or Maximum thrust if 
necessary. Raise the landing gear only 
after a climb has been established, and 
climb to the missed approach altitude at 
250 KIAS . When positive rate of climb has 
been established adjust power as necessary 
to maintain 250 KIAS and approximately 
1000 to 2000 foot per minute climb. In the 
event a single engine missed approach is 
necessary, follow the single engine go- 
around procedures in Section HI and ob- 
serve the single engine minimum control 
speed. 

NOT! 

Fuel required for a missed ap- 
proach and GCA is approximately 
3000 pounds. A VFR closed 
pattern go-around requires ap- 
proximately 1000 pounds. 



ICE AND RAIN 



Detailed information on flight through icing 
conditions is not conclusive at this time. 
Flight to and from terminal areas where 
heavy icing conditions and/or heavy rain 
arc present Is undesirable. Extended flight 
in any known icing conditions is prohibited. 
If icing conditions or heavy rain at near 
freezing conditions ts encountered in flight, 
the engines must be examined for damage 
during post flight inspection. 



WINDSHIELD ICING 

Without hot air delcing, forward visibility 
through the windshield is unsatisfactory 
under all icing condition* at penetration and 
approach speeds. Ice buildup occur* very 
rapidly and dissipate* very slowly, parti- 
cularly with heavy build-up, even after de- 
scent to lower, warmer altitudes. Ice will 
build up on the spikes at penetration and ap- 
proach speeds and enter the engine as It 
breaks off upon descent to warmer altitudes. 
Engine damage due to ice ingestion is not 
normally severe enough to cause engine 
shutdown and can be minimized by reducing 
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rpm. Hot air (low on the windshield Is satis- 
factory for de-icing and inhibiting ice build- 
up if used prior to the time that icing condi- 
tions are encountered. If windshield icing 
is anticipated or encountered: 

1. Windshield deicer switch - R, or LI R, 
as required. 

FLIGHT IN RAIN 

In rain, forward visibility is obscured by a 
water film which extends over almost all of 
the windshield area. Use of the rain re- 
mover liquid during light and moderate rain 
conditions improves visibility to a usable 
condition at approach speeds. Visibility is 
momentarily obscured as the liquid is ap- 
aplied, then the windshield clears and beads 
of water form which stream across the 
glass. Bain remover application is needed 
at ten to fifteen Second intervals for best 
effectiveness. The hot air deicer should 
not be used in light to moderate rain, as the 
hot air by itself does not clear the wind- 
shield, and the rain remover liquid is ap- 
parently blown away before it can become 
effective. The rain remover system is not 
effective with very heavy rain conditions, 
and, although hot air deicing provides very 
slight improvement, visibility remains ob- 
scured. 



NOT! 

Reduce speed below 250 K1AS 
before applying rain remover 
fluid. 



L CAUTION 


Do not apply rain repellent on a 
dry windshield. Prolonged ob- 
scuration may result. 

1. Rain removal button - PUSH. 

NOTE 

Momentary cloudiness will occur. 



2. Repeat as required when visibility 
deteriorates. 



HIGH HUMIDITY CONDITIONS 

If fog emanates from cockpit overhead dis- 
tribution ducts: 

1. Q-Bay temp control - INCREASE as 
required. 

If condensation forms on inner or outer 
glass: 

2. Windshield defog switch - INCREASE 
as required. 

}. Windshield deicer switch - ON R. or L. 
tt R, as required. 



TURBULENCE AND THUNDERSTORMS 



Flight should not be scheduled through 
arras where extreme or severe turbulence 
is forecast. In the event that such condi- 
tions are encountered however, airspeed 
should be maintained between 250 and 350 
KEAS as a general rule. Refer to the 
Structural Capability In Gusts chart, figure 
9-3. 



OPERATION IN TURBULENCE 

Gust conditions are defined in terms of 
"extreme", "severe", and "moderate to 
mild" conditions. (Refer USAF AWSM 55-8. 
15 June 1965). Aircraft structural capabil- 
ities in turbulence air do not penalize nor- 
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mal operating procedures except when below 
40,000 feet. In the event of extreme tur- 
bulence below 40,000 feet, airspeed should 
be maintained between 250 and 350 KEAS. 
Figure 9-3 shows that the aircraft can be 
operated safely In severe turbulence at the 
design speed unless in the altitude range 
between 20.000 and 25,000 feet. A speed 
reduction to 400 KEAS should be accom- 
plished by reducing power ii severe turbu- 
lence is encountered while operating at high 
speed in this area. (The normal Mach 0.9 
climb speed in this area is below 400 KEAS. ) 
Normal descent speed, 300 KEAS, ap- 
proaches the optimum path for rough air 
penetration. 

Tromonic Acceleration in Turbulence 



The probability of encountering unforecasted 
severe or extreme turbulence in clear air Is 
relatively small. However, if there i* a 



reasonable possibility that this may occur 
during the transonic acceleration phase, 
modify the normal climb procedure. After 
reaching supersonic conditions, cltrnb at 
375 to 400 KEAS Instead of 450 KEAS while 
below 30,000 feet. Increase the climb 
speed above this altitude so as to reach 
normal climb speed between 35,000 and 
40,000 feet. Be prepared to reduce air- 
speed to 375 KEAS if severe turbulence is 
encountered below 40,000 feet. 



Jet Penetration ond Landing Approach 

Normal penetration and approach speeds 
are compatible with rough air penetration 
schedules. However, the normal turn to 
final approach speed may be increased 
from 230 KIAS to 250 KIAS in order to 
avoid the possibility of maneuvering diffi- 
culty during tills phase. Standard rough air 
penetration techniques apply to this aircraft. 



C OLD AND HOT WEATHER PROCEDURES 

Detailed cold or hot weather procedures are not available. The pilot should always be 
aware of the effects of non-standard temperatures on takeoff and landing distances and 
minimum single engine control speeds. The pilot should also be aware of the effects of 
wet, icy, and slush covered runways on takeoff and landing distances and on ground hand- 
ling characteristics. Refer to Section V for cold weather Oil Temperature operating limits. 



NIGHT FLYING 

Detailed specific night flying procedures arc not required; however, the normal precaution 
of memorizing the positions of switches located in dim or unlighted locations should be ac- 
complished. Lower fire warning light covers to reduce glare in event of illumination. 
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PART I 
INTRODUCTION 
LUfof Illustrations 



Hill Figure No. 

Position Error Correction* vs Mach No Al-1 

Position Error Corrections vs IAS Al-2 

Approximate Differences Between IAS and EAS .Al-3 

Position Error Corrections - Alternate System Al-4 

Airspeed Compressibility Correction Chart Al-5 

True Mach Number vs Equivalent Airspeed Al-6 

Mach - Airspeed - Temperature Conversion Chart Al-7 

Standard Atmosphere Table A l_ 8 

Standard Units Conversion Chart Al-9 

DATA BASIS 

En P'"" M»ch number indicators. The TDI provides 

digital values for equivalent airspeed (KEAS) 

The performance charts are based on test corrected pressure altitude, and true Mach 

data with YJ and/or YJ-1 engines. number. The differences between Indicated 

airspeed (KIAS ) and KEAS are a function of 

■>—■ .... . - , speed, altitude, and ship system position 

Fuel and Fuel Denary „ ror . A comparison of KEAS from the 

triple display Indicator and KIAS from the 

These data are applicable to aircraft fueled ship's normal system Instruments is shown 

with PWA 523E with PS 67A additive. De- by Figure Al -3. For example: at 400 KEAS, 

vlations from the nominal fuel density of the normal ship system will indicate 420 

6.45 pounds per gallon have negligible effect KIAS at 20,000 feet indicated pressure altl- 

on performance as long as actual aircraft rude and 475 KIAS at 50,000 feet indicated 

gross weight and fuel load are known. How- altitude. Other combinations of Indicated 

ever, with all tanks filled to capacity, the altitude and KIAS can be determined from 

maximum fuel load changes 1060 pounds for Figure Al-3 for use In the event of TDI 

each 0. 1 pound per gallon change In fuel failure, 
density. This effect on operational capabil- 
ities must be considered. 

POSITION ERROR CORRECTIONS 

AIRSPEED SYSTEMS Triple Deploy Indicator 

Airspeed, altitude, and Mach number are The Triple Display Indicator of the Air 

available from the ship system Instruments Data computer system Is the primary In- 

and from the triple display indicator (TDI). etrumcnt for climb and for all operations 

The ship normal and alternate systems sup- above FL 180. Its digital Indications are 

ply conventional altimeter and airspeed almost completely compensated for position 
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error and compressibility effect*; however, 
the TDI airspeed lags during takeoff. IAS 
from the normal ship system should be used 
until climb speed Is attained. The ship sys- 
tem should also be used for pattern opera- 
tion and landing, although the TDI foUows 
these speed and altitude changes without 
excessive lag. 

Normal Ship Syitem 

Figures Al-1 and Al-2 show position error 
corrections for the altimeter and alrapeed- 
Mach number indicators when the normal 
(Rosemount pttot static) system is selected. 
Corrections for operation at subsonic speeds 
were obtained by calibrations In flight and 
during ground runs. Corrections provided 
for supersonic speeds were obtained from 
wind tunnel results. Standard corrections 
for compressibility effects must be applied 
(subtracted) after the position error cor- 
rections are made in order to obtain equi- 
valent airspeeds. The compressibility cor- 
rection Is supplied on Figure A I -5. The 
position error and compressibllty correc- 
tions have been combined on Figure Al-3 
In order to allow a direct comparison be- 
tween KIAS and KEAS instruments. 

Alternate Ship Syitem 

The alternate system senses pltot static 
pressure by means of a flush static port 
and total head tube located under the right 
hand chine. When the alternate system Is 
selected, these pressures operate the ship 
system altimeter and alrspeed-Mach num- 
ber Indicator. The position error correc- 
tions are provided by Figure Al-4. 

COMPRESSIBILITY CORRECTIONS 

Standard corrections for compressibility ef- 
fects on KIAS are provided by Figure Al-5. 
These correction should be subtracted from 



KIAS after the airspeed poalUon error cor- 
rections are made In order to obtain KEAS. 



TRUE MACH NUMBER VS EQUIVALENT 
AIRSPEED 

Figure Al-6 shows the relationship between 
true Mach number, pressure altitude, and 
equivalent airspeed, based on a X of 1.4, 
the standard atmospheric parameter. 



MACH-AIRSPEED-TEMPERATURE CHART 

Ambient air temperature and true airspeed 
can be obtained from the TDI Mach and CIT 
gage as shown on the Mach-Alrapeed-Tem- 
pcrature Chart, figure Al-7. For example, 
at a TDI Mach of 3.05 and CIT of 300°C. the 
ambient air temperature is 72°C and the 
true airspeed Is 1680 knots (28 nmi/mlnute). 
The affect of adlabatic compression and 
temperature rise on atmospheric character- 
istics has been Included by using a vari- 
able y parameter. 



STANDARD ATMOSPHERE TABLE 

The 1956 ARDC standard atmospheric table, 
Figure A 1-8, provides reference tempera- 
ture, pressure, air density, and sonic 
speed information which may be of assist- 
ance in over -all flight planning. 

STANDARD UNITS CONVERSION 

The standard units conversion chart, 
Figure Al-9, provides a means for direct 
conversion of temperature, distance, and 
speed between English *nd metric unite. 
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PITOT - STATIC SYSTEM AlTITUOt AND AIRSPEED INSTRUMENTS 
ROSEMOtINT P1TOT STATIC TYPE NO 8SS 




Figure AJ-1 
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PrTOI . STATIC SYSTEM AlTIIUOt AND AIRSPEED INSTRUMENTS 
ROSEMOUNT PTTOT STATIC TYPE NO. «SS 




INOICATtO AWSPEf 0 - KNOTS 



Figure A 1-2 
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APPROXIMATE DIFFEREN CES BETWEEN IAS ANO EAS INDICATIONS 



note eas, ntusum Ainruw. and mach numbm 

AY M 




Figure Al-3 

Al-5 



APPENDIX I 
PART I 



A-12 



POSITION ERROR CORRECTIONS-ALTERNATE PITOT STATIC SYSTEM 



ALTERNATE i FLIGHT RECORDER I AIRSPEED SYSTEM 




INDICATED AIKSPIED - KNOTS 
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APfUCABU TO SHIP NORMAL OK ALTERNATE AIRSPEEO SYSTEMS AFTER POSITION ERROR CORRECTION 

SUBTRACT 6 V c «OM KCAS TO OBTAIN KEAS 




KCAS ( = WAS AFTER POSITION ERROR CORRECTION ) 



Figure A 1-5 
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ARDC MODEL ATMOSPHERE — 1956 
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Constant Pressure VitV, — T,/T, 
Constant Temperature P,/P, = Vt/V, 



Re»ersible Adrabatic j- = 

*-<*f- (ft)*' 

Polyttopic P,V," = P,V? 
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PART H 



FIELD LENGTH REQUIREMENTS 



Title Figure No. 

Normal Performance Takeoff A2-1 

Maximum Performance Takeoff A2-2 

Acceleration Check , A2-3 

Refusal Speedr. 

With Drag Chute. Dry Runway A2-4 

With Drag Chute, Wet Runway A2-5 

Without Drag Chute, Dry Runway A2-6 

Without Drag Chute, Wet Runway A2-7 

Maximum Weight For Single Engine Flight 

Gear Down - In Ground Effect A2-8 

Gear Up - In Ground Effect A2-9 

Gear Up - Out of Ground Effect A2 - 10 

Landing Speed Schedules , A2-11 

Landing Deitance - Normal Performance 

With Drag Chute, Dry Runway .A2-12 

With Drag Chute, Wet Runway A2-13 

Without Drag Chute, Dry Runway , A2-14 

Without Drag Chute, Wet Runway A2-15 

Landing Distance - Maximum Performance 

• With Drag Chute, Dry Runway A2.-16 

With Drag Chute, Wet Runway A2-17 

Without Drag Chute, Dry Runway A2-18 

Without Drag Chute, Wet Runway .A2-19 

. . . < ./ _ • . 

TAKEOFF . variable liftoff speed and allows a slight 

margin for takeoff with tall wind before 
Takeoff performance data are supplied being restricted by tire limit speed 
for two types of takeoff operations. One (239 knots groundspeed). t 
applies to normal operation when field 

length is not critical With respect to The other type of takeoff applies to 

takeoff distance. This type of takeoff Is maximum performance operation where 
based on a rotation speed of 190 KJAS takeoff and rotation Bpeeds are varied 

for airplane gross weights of 110,000 with gross weight so that takeoff Speed 

pounds or more and 180 KJAS for all corresponds to a lift coefficient of 0.60. 

lower gross weights. This permits a Airspeeds at takeoff and the resultant 

ground run distance with this schedule 
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are always less than for the normal per- 
formance schedule. Pitch angle at take- 
off is approximately 11° at 22% e.g. 
This schedule results in minimal tail 
clearance at liftoff. Therefore, this 
schedule ia recommended only when the 
normal schedule or an intermediate 
schedule is inadequate for takeoff or re- 
fusal requirement* and/or tailwind con- 
ditions. 



Normal Takeoff Performance and 
Rotation Speed Schedule 

The normal performance takeoff speed 
is based on a constant nosewheel liftoff 
speed of 190 knots for gross weights of 
110,000 pounds or more and 180 knots 
for gross weights less than 110.000 
pounds. Time from nosewheel off to 
main gear off is assumed to be 4.5 sec- 
onds, based on average rotation time 
from test data. (Start of stick input to 
initiate rotation should anticipate nose- 
wheel off by about 15 knots or 2.5 sec- 
onds. ) The normal performance takeoff 
speed schedule based on constant rotation 
•peed is Incorporated in the takeoff 
ground run distance chart. When the 
takeoff Is to be made with a tailwind 
component, the nosewheel liftoff speed 
.may be decreased slightly, if neces- 
Bary, to avoid exceeding tire limit 
epeed. Takeoff speed la also reduced 
by one knot per knot decrease in rotation 
speed. Reducing the rotation and takeoff 
speeds results in a one percent decrease 
in ground run distance per knot decrease 
in airepeed. 

The normal performance takeoff speed 
provides a margin of control during 
climbout in the event of engine failure 
just after liftoff if immediate corrective 



action la taken. Takeoff speeds are 
higher than the minimum single engine 
control speeds for steady flight (speeds 
at which 5 to 10° of bank with up to 5° 
sideslip can be used to maintain flight 
path, utilizing up to full rudder deflec- 
tion with maximum thruct on the op- 
erating engine. See figure 3-2). After 
takeoff, a sidenlip and bank toward the 
operating engine are recommended with 
up to 9 rudder trim to minimiae drag. 
The trim required decreases with in- 
creasing airspeed. 

The takeoff speed schedule for normal 
performance is incorporated in the take 
off ground run distance chart, figure 
A2-1. 



Maximum Performance Rotation and 
Takeoff Speed Schedule "~ 

The maximum performance rotation and 
takeoff speed schedules are shown in 
figure A2-2 as part of the takeoff dis- 
tance chart. Maximum performance - 
takeoff speeds are based on the takeoff 
attitude which provides a lift coefficient 
of 0.60 in ground effect at 22% c. g. 
Therefore, takeoff speed is a direct 
function of airplane groas weight and 
takeoff speeds are listed on the gross 
weight lines of the takeoff distance 
chart. Rotation or nosewheel liftoff 
speed Is that speed where the airplane ' 
rotation is initiated and is scheduled to 
occur 4.5 seconds prior to liftoff. Ro- 
tation speeds are plotted on the chart as 
a function of ground run distance and as 
affected by wind and slope. 



A-12 



APPENDIX I 
PART II 



TAKEOFF GROUND RUN DISTANCE 

Figures A2-1 and A2-2 present normal 
and maximum performance takeoff 
ground run distances a:, a function of 
ambient temperature, pressure altitude 
and gross weight. Correction grids for 
wind and slope effect* are included. 
Limit tallwind areas are incorporated 
for reference and may be used as an in- 
dication of takeoff over speed margin 
(the difference between takeoff speed and 
tire limit speed). The takeoff distances 
are based on test data and have no ser- 
vice allowance included. 



Normal Performance Takeoff Ground 
.Run Distance 

Figure A2-1 shows normal performance 
takeoff distances obtained by use of the 
normal performance rotation speed and 
the takeoff speed schedules Incorporated 
in this chart. 

Example: 

For an ambient temperature of 86°F, 
pressure altitude of 4500 feet and air- 
plane gross weight of 120,000 pounds, 
determine the ground run distance and 
takeoff speed-. 

Enter figure A2-1 at the ambient temper- 
ature and pressure altitude, proceed 
horizontally to the gross weight and read 
down to determine a zero wind zero 
slope distance of 8300 feet. Continue 
down to the 190 knot rotation speed line 
(applicable to weights over 110,000 lb.) 
and read to the right horizontally to de- 
termine the zero wind and zero slope 



takeoff speed of 213 knots. For a head - 
wind of 10 knots and a downslope of 1%, 
continue to read down to a distance of 
7 300 feet. The wind does not affect the 
takeoff speed but the 1% downhill slope 
decrease* the takeoff speed to 212 knots. 



Maximum Performance Takeoff Ground 
Run DUtance 

Figure A2-2 shows maximum perfor- 
mance takeoff distances consistent with 
the C^ = 0.6 maximum performance 
takeoff speeds and the rotation speed 
schedules which are also shown in this 
chart. 

Example; 

Using the same conditions ae In the pre- 
vious example, determine the maximum 
performance ground run distance, ro- 
tation speed and takeoff speed. Enter 
figure A2-2 at the temperature and 
pressure altitude condition, proceed 
horizontally to the gross weight and 
read down to the zero wind zero slope 
distance of 6700 feet. The takeoff speed 
listed on the distance lin* for 120,000 
pounds is 192 knots. Continuing to read 
down, intersect the rotation speed curve, 
read to the right for the zero wind and 
zero slope rotation speed of 168 knots. 
Continuing vertically, determine the 
distance with wind and slope as 6050 
feet. For the wind and slop* case, 
the wind does not affect the rotation 
speed but the slope decreases the ro- 
tation speed to 167 knots. 



A2-3 
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Intermediate Takeoff Speed Schedule 

When the normal performance schedule 
is inadequate because of runway length 
and takeoff weight and temperature, or 
other conditions, an intermediate take- 
off speed should be considered before 
reverting fully to the maximum perfor- 
mance tchedule. When rated tire r.peed 
is the limiting factor because of a tail- 
wind condition, base the takeoff ypeed 
on the rated tire upeed. Rated tire 
speed can be determined from figure 
5-7. U a nominal "pad" of 5 knots is 
desired, the intermediate takeoff speed 
will be the rated tire speed minus the 
5 knotu. The corresponding takeoff dis- 
tance can be obtained by using the fol- 
lowing method: At the name temper- 
ature, pressure altitude, gross weight, 
wind and slope conditions, find the nor- 
mal performance takeoff ground run dis- 
tance. Subtract the intermediate takeoff 
speed from the normal takeoff speed. 
This number Is equal to the percent re- 
duction of the normal performance dis- 
tance. Do not schedule takeoffs at 
speeds lower than the schedule for maxi- 
mum performance. 



Acceleration Check Speed 

Figure A2-3 provides a means for mak- 
ing a speed check at any required dis- 
tance during the takeoff run. Use the 
takeoff speed and distance values found 
from figures A2-1 or A2-2 to locate the 
position of a guide line on the accel- 



eration check speed below the Intersec- 
tion of this guide line and the check dis- 
tance value selected. The break in the 
acceleration lines at 50 knots approxi- 
mates the change in acceleration as 
maximum thrust is obtained. 

Example: 

For example, in the 120,000 pound nor- 
mal performance takeoff example where 
the zero wind distance was 8300 feet at 
213 KIAS . the guide line illustrated 
shows that an acceleration check speed 
of 127 KIAS would be reached at a 3000- 
foot check distance. In the case where 
the takeoff run was 7300 feet with a 10 
knot headwind and downslope, a guide 
line drawn from a point at 7300 feet and 
212 KIAS intersects the 3000-foot check 
distance at 133 KIAS . The 3000-foot 
check distance point is recommended 
for operation at weights over 100,000 lb, 
since airspeeds reached at this distance 
allow reasonable accuracy In making the 
speed check. The 2000-foot check dis- 
tance, however, is recommended at 
light weight or low temperature condi- 
tions. 

Takeoff Fue l Allowance 

■ , — — > 

Ramp fuel load can be adjusted to allow 
for fuel consumption up to the lift off 
point. Idle fuel flow is approximately 
55 lb/minute/englne. Fuel consumption 
during a takeoff run is approximately 
1000 pounds. A normal allowance for 
ground operation and takeoff would be 
2000 pounds for a 10 minute ground op- 
erating period from first engine start, 
assuming 2 minutes is required to start 
the second engine. 
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REFUSED TAKEQFFS 

Planning data for determination of accel- 
eration check and refusal speeds may be 
obtained from the refusal speed c>,Art = , 
figures A2-4 through A2-7. Refusal 
speed without chute may be used as the 
acceleration check speed instead of the 
normal line speed check, if desired, 
provided the corresponding check dis- 
tance is also computed. Either the 
scheduled rotation speed or the maxi- 
mum refusal speed with chute, which- 
ever is lo-.vcr, is the maximum speed at 
which a decision to abort a takeoff is 
recommended. 

The charts show actual maximum per- 
formance refused takeoff capability with- 
out conservatism or service allowances. 
However, various factors may contri- 
bute to performance less than optimum, 
such as blown tires, delay in drag chute 
deployment, etc. Brake energy capacity 
is assumed to be 90% of full rated one- 
stop capability, thus allowing some nor- 
mal service use prior to the refused 
takeoff. This factor is presented as- 
maximum refusal speed. For abort 
conditions where brake burn-out might 
occur before a stop can be made the 
aircraft is assumed to free roll at re- 
latively low speed and not stop. 

Refusal Speed With Drag Chute 

The refusal .-peed with drag chute charts 
are shown in figures A2-4 and A2-5 for 
dry and wet runways, respectively. 
The abort speeds are given as function 
of temperature, pressure altitude and 
gross weight for available runway length. 
Assumptions made in the refusal speed 



calculations are as follows: 

1. N irmal rate of acceleration is 
maintained to the refusal speed at 
which time < omplcte and instan- 
taneous loss of one engine occurs. 

2. Maximum afterburning thrust i« 
maintained on the operating engine 
and zero tl>ru:.t ii obtained from (he 
failed engine for 3 Second: before 
the throttle on the operating engine 
is retarded to idle. 

Note 

No rotation is attempted when 
a takeoff emergency occurs be- 
fore reaching rotation speed, 
even though airspeed may exceed 
rotation speed during this re- 
cognition and action period. 

3. Lf the takeoff is aborted after rota- 
tion has been initiated, aerodynamic 
braking is utilized until the aircraft 
has decelerated to chute deployment 
speed of 190 knots. (Refer to 
ABORT procedure. Section III. ) 

4. The nose is lowered before brake 
application if aerodynamic braking 
has been required. (See 3 above. ) 

5. Braking torque is obtained one eec- 
ond after retarding the throttles 
unless rotation has been initiated. 
The allowance for chute full deploy- 
ment is 4.75 seconds after drag 
chute switch actuation. 

6. Optimum wheel braking is continued 
until the aircraft is stopped. 
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7. Drag chute is jettisoned at 60 Knots 
on a dry runway and la retained to 
full stop on a wet runway. (The 
chute should always be retained 
until stopping is assured. ) 

3. Zero wind and zero sope. 

9. Hard surface runway. (The effect' 
of water, »lu»h, or snow on accel- 
eration have not been considered. ) 

10. The takeoff is continued if rotation 
has been initiated prior to an engine 
failure when a positive climbout 
capability exists. 

Example: 

Using the same conditions as in the take- 
off example, i.e., 86°F temperature, 
4500 feet pressure altitude, 120,000 
pounds gross weight, find the refusal 
speed with drag chute for a 12,000 foot 
dry runway. 

Enter figure A2-4 at the temperature 
and pressure altitude conditions, pro- 
ceed horizontally to the gross weight, 
then downward to the available runway 
length (accelerate and stop distance 
available) and read a refusal speed of 
170 knots. (This refusal speed is usable 
only if 90% of the brake energy isn't ex- 
ceeded. ) Proceed downward to 120,000 
lb dashed line and read a maximum re- 
fusal speed of 135 knots and interpolate 
the distance to accelerate and stop as 
8500 ft. 



Using the same procedure for the wcl 
runway case, enter figure A2-5 and 
reatt a rcfjt.il speed of 151 Iwv^is. 



Refusal Speed Without Drag Chute 

R?fu-al speed* without drag chute are 
presented in figure* A2-6 and A2-7 for 
dry and wet runway: , respectively. The 
refusal ..peeds are given as a function of 
temperature, pruiurc altitude and 
gross weight for the available runway 
length. Assumptions made in the no 
chute refusal speed calculation:, are the 
same a* those made for calculating re- 
fusal speeds with chute with the follow- 
ing exception) : 



I. 



Drag chute deployment is attempted 
as the nose is lowered at 190 KIAS 
(if rotation has been accomplished) 
or at start of braking if aborting 
from a lower speed. Drag chute 
failure recognition is normal chute 
deploy time of 4.75 seconds plus 
3.0 seconds recognition time. 

2. Wit! a wet - urr .ay, one engine 
is srut dovjji after recognition of 
chute faiit-.?e, up-elevo:i drag is 
used (hut the nose do./:, attitude 
maintained), anti-skid is turned ' . 
off and t! e stop U with all Urea .'. 
blown. 

Example: 

Using the same conditions as in the pre- 
vious examples, find the refusal speed 
for dry and wet runway*. 

For a dry runway, enter figure A2-6 
at the temperature and altitude condi- 
tions, proceed horizontally to the gross 
weight, then proceed downward to the 
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maximum refusal speed line for 120,000 
lbs and read a maximum refusal speed 
of 112 knots. Using the same proce- 
dures for the wet runway conditions, 
enter figure A2-7 and read a refusal 
speed of 107 knots. 



SINGLE ENGINE CLIMB CAPABILITY 

Three curves of single engine climb 
capability are supplied to show the effect 
of speed and temperature as an aid in 
judging performance at takeoff weight 
with maximum thrust. Figures A2-8, 
A2-9 and A2-10, show the effect of air- 
speed on maximum weight for gear 
down in ground effect, gear up in ground 
effect, and gear up out of ground effect, 
respectively. The illustrated perfor- 
mance represents wind tunnel tests re- 
sults. A degradation factor of 10.000 lb 
should be applied before use and a sup- 
plemental scale incorporating this factor 
is provided. The values shown are for 
eg = 22% MAC. For deviation from 22% 
Cg, decrease gross weight by 1500 lb for 
each one-percent forward shift from 22% 
cg, or increase gross w«lght by 1500 lb 
for each one-percent aft shift from 22% 
cg. If operating at less than the maxi- 
mum weight for climbout, the excess 
thrust Indicated by the maximum weights 
shown can be used for acceleration and 
delayed climb, instead of immediate 
cltmb at low airspeeds. This proce- 
dure la usually permitted by the takeoff 
situation at the operating base. The * 
best climb speed with gear down close 
to the ground is approximately 250 
KIAS . The gear would ordinarily be 
retracting during an acceleration to 
this speed, so the value represents a 
target speed for transition to a shallow 
climb attitude. The best single engine 
climb speed with gear up away from 
ground effect is above 400 KIAS ; how- 



ever, 300 KIAS provides an adequate 
angle for single engine climb to pattern 
altitudes. In normal operation, 300 
KIAS represents a target speed for gra- 
dual pullup to normal climb speed. 

Example: 

Using the same conditions as on the 
takeoff case for gear down in ground 
effect find the single engine capability 
speed. Enter figure A2-8 at 86°F and 
4500 ft altitude and using the temporary 
decrement weight scale gives the speed 
as over 2 50 KEAS. Use of the gear up 
out of ground effect curve, figure A2-10, 
gives the speed as 232 KEAS. 

LANDING FIELD LENGTH 
B EQUIR EMENTS 

Landing speed schedules and landing 
rollout distance information are provided 
for dry and wet runways, with and with- 
out drag chute, and for normal and maxi- 
mum performance techniques. 

. 

NORMAL AND MAXIMUM 
PERFORMANCE LANDING SPEED 
SCHEDULES 

Figure A2-11 shows the normal and 
maximum (heavy weight) performance . - 
landing speed schedules as a function of 
gross weight down to 60,000 pounds. At 
gross weights less than 60,000 pounds 
the landing speed Is a constant 145 KIAS 
for normal performance and 135 KIAS 
for maximum performance operation. 
The maximum performance landing 
speeds are 10 knots less than normal 
landing speeds for all weight conditions. 
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Iii addition to the landing speed schedule, 
the tftilwind at which tire limit speed 
will be exceeded may be obtained from 
this chart. 

Example: 

1. For a norm.il landing at 70,000 
poundr gros<: weight, determine 
final approach and landing Speeds 
and Limit tailwind for a pressure 
altitude of 4500 feet and ambient 
temperature of 86 F. 

Enter the chart at 70,000 pounds, 
proceed up to intercept the normal 
approach speed line at 175 K1AS 
and the normal landing speed sched- 
ule at 155 KIAS . Enter the temper- 
ature altitude chart at 86°F and 
4500 feet, read up to intersect the 
155 knot landing speed line. This 
determines the limit tailwind com- 
ponent to avoid exceeding tire limit 
speed as over 30 knots. 

2. Determine final approach and land- 
ing speeds and limit tailwind for 
touchdown at 120,000 pounds, 4500 
feot pressure altitude and 86 F am- 
bient temperature. Enter the chart 
at 120.000 pounds gross weight, 
proceed up to intercept the final ap- 
proach speed schedule at 235 KIAS 
and the heavy weight landing sched- 
ule line at 195 KIAS . Enter the 
temperature-altitude chart at 86°F, 
proceed horizontally to the 4500 
foot line, read up to the intersection 
with the 195 knot landing speed line, 
and read 22 knots as the limit tall- 
wind component. 



LANDING GROUND ROLL DISTANCE 

Normal Performance Landing Ground 
Roll Pi stance With Drag Chute 

The normal performance landing ground 
roll distance with drag chute for dry 
and wet runways is shown in figures 
A2-12 and A2- 13, respectively. Per- 
formance is given as a function of am- 
bient temperature, pressure altitude 
and gross weight. Wind and slope effects 
are included. Standard landing technique 
assumes chute deploy switch actuation 
approximately 1 second after touchdown, 
chute fully deployed approximately 6 
seconds after touchdown, and the nose 
down at 120 KIAS . Full braking pressur< 
requires about 1 second after initial 
pedal depression. The chute is assumed 
to be Jettisoned at 60 knots for the dry 
runway case and is retained to full stop 
for wet runway conditions. 

Example: 

For conditions of 86°F air temperature, 
4500 feet pressure altitude and 70,000 
pounds gross weight, find the normal 
performance landing ground roll dis- 
tance with drag chute. 

1. Enter figure A2-12 for the dry 

runway at the temperature and alti- 
tude condition, proceed horizontally 
to the gross weight and read down- 
ward to determine zero wind, zero 
slope ground roll distance of 4100 
feot. For a headwind of 10 knots 
and a downhill slope of 1% the 
ground roll distance would be 3700 
feet, as shown in the chart. 
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2. Applying the valine procedure in the 
wet runway chart, figure A2-13, 
shows a zero wind, icro ?lope dis- 
tance of 5950 feet. For the wind 
and ilopc case the distance would be 
5J00 feet. 



Normal Performance Landing Groun d 
Roll DUtano - Without Drag Clute 

Normal performance landing ground roll 
distance for landing without chute is 
Shown In figures A2-14 and A2-15 for 
dry and wet runways. Normal perfor- 
mance without chute assumes the same 
sequence of events as for landing with 
chute. The nose of the airplane is 
lowered al or before reaching 120 KIAS 
and brakes applied. In the no chute wet 
runway ca»e it is assumed that one 
engine is shut down and anti-skid is 
turned off at start of braking. 

Example: 

Using the same conditions au in the 
landing with chute example, find the 
normal performance landing distance 
without drag chute. 

1. For the dry runway case, enter 
figure A2-14 at the ambient tem- 
perature and pressure altitude con- 
ditions, proceed horizontally to the 
gross weight, then read downward 
to determine a zero wind, zero 
slope ground roll distance of 8500 
feet. With *ind and slope, the dis- 
tance is 7900 feet as shown in the 
chart. 

2. For a wet runway condition, the 
zero wind and slope distance is 
13,800 feet, as shown in figure 
A2-15. The wind and slope dis- 
tance is 13,100 feet. 



Maximum Performance Landing Ground 
Roll Dittanci' With Drag Chute 

When u- ing the minimum roll landing 
technique, distance:- with drag chute 
may be obtained In figure? A2-16 and 
A2-17 for dry and wet runways, respec- 
tively. Performance is given as a func- 
tion of temperature, prcs>.urc altitude, 
■nd gross weight. Wind and slope effect- 
are included. Minimum roll technique 
assume* touchdown at 10 knots slower 
speed than normal. If touchdown is at 
speeds; less than 190 knots, chute de- 
ployment i* assumed to be initiated and 
the no.-.e lowered as soon as the main 
gear touches. If at speeds over 190 
knots, chute deployment and lowering 
the nose is delayed until 190 knots it 
reached. Brake,' are applied as soon at 
the nose gear iu on the ground. The 
chute is assumed jettisoned at 60 knots 
for the dry runway and is retained to 
full stop for the wet runway. 

Example: 

Using the same conditions aa In the nor- 
mal landing examples for 70,000 lb find 
the maximum performance landing dis- 
tance with chute. 

1. For the dry runway case, enter 
figure A2-16 at the ambient temper- 
ature and pressure altitude, proceed 
horizontally to the gross weight. 
Read downward to determine a zero 
wind, zero slope ground roll dis- 
tance of 3600 feet. With wind and 
slope the distance is 3300 feet. 

2. In the case of a wet runway, the 
z«ro wind, zero slope distance is 
5S0O feet as jhown in figure A2-I7. 
The wind and .-lope effect gives a 
distance of 4900 feet. 
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Maximum Performance Landing Ground 
Roll Distance Without Drag Chute 

Maximum performance landing distances 
without drag chute are presented in 
figures A2-18 and A2 - 1 9 for dry and wet 
runways, respectively The same je- 
q iencc-of events Is assumed as for land- 
ings with the drag chute. A three sec - 
ond recognition time, of chute failure is 
incorporated before shutdown of the 
right engine and turning anti-9kid off for 
the wet runway landing. 

Example: 

Using the same conditions as used pre- 
viously, find the maximum performance 
landing distance without chute. 

1. For the dry runway case enter figure 
A2-18 at the ambient temperature 
and pressure altitude, proceed hor- 
izontally to the gross weight. Read 
downward to determine a zero wind, 
zero slope distance of 6450 feet. 
Continuing through the wind and 
slope corrections gives a distance 

of 5800 feet. 

2. In the wet runway case, the zero 
wind and zero slope distance is 
13,200 feet as shown in figure A2-19. 
With wind and slope, the distance is 
12,600 feet, as shown in the chart. 
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CLIMB AND DESCENT PERFORMANCE 



Lltt of Illustrations 



Title figure W, 



Normal Climb Performance (1956 ARDC Atmosphere) 

Phase I, Subsonic climb from brake release A3-1 

Phase IA, Subsonic climb from off tanker . A3-2 

Phase n. Transonic Maneuver A3-3 

Phase m, Std Day -10°C AT, Supersonic Climb A3-4 

Std Day, Supersonic Climb A3-5 

Std Day, +10 CAT, Supersonic Climb A3-6 

Normal Climb Performance ("MEAN TROPIC" Atmosphere) 

Phase 1, Subsonic climb from brake release A3-7 

Phase IA, Subsonic climb from off tanker A3-8 

Phase II, Transonic Maneuver A3-9 

Phase HI, Mean Tropic Day -10 C AT, Supersonic Climb A3-10 

Mean Tropic Day, Supersonic Climb A3- 11 

Mean Tropic Day +10 C AT, Supersonic Climb A3 -12 

Military Thrust Climb Performance, Std Day -10°C AT A3-13 

Std Day A3-14 

Std Day +10°C AT A3-15 

Std Day +24.5°C AT A3-16 

Normal Descent Performance A3-17 

350 KEAS Descent Performance A3-18 

Alternate 350 KEAS Descent Performance .• A3-19 

Single Engine Descent Summary (1956 ARDC Atmosphere) 

300 KEAS A3-20 

350 KEAS A3-21 

400 keas • A3. 22 

Single Engine Descent Summary ("MEAN TROPIC" Atmosphere) 

300 KEAS A3 23 

350 KEAS A3-23A 

*00 KEAS A3-23B 

Single Engine Turning Descent A3-24 
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NORMAL CLIMB PERFORMANCE 



ill! 



Figures A3-1 through A3-12 present normal 
performance to cruise altitudes for super- 
sonic operation with 1956 ABDC Atmosphere 
and "MEAN TROPIC" Atmospheric condi- 
tions, respectively. The data is computed 
from results of Flight Test and Operational 
Testing with YJ-1 engines. The climb is 
segmented in three phases and Includes the 
effects of varying gross weights and air 
temperatures on fuel used, time, and dis- 
tance. Phase I is the subsonic portion of 
the climb from brake release at sea level 
to 38,000 feet and 0.90 Mach. Corrections 
for time, fuel, and distance are listed in 
the chart for takeoffs from other field ele- 
vations. Phase IA is the subsonic portion 
of the climb from various refuel altitudes 
to 38,000 feet and 0.90 Mach. Phase H is 
the transonic acceleration portion of the 
climb from 38,000 feet and 0.90 Mach to 
30,000 feet and 1.25 Mach utilizing the 
"dive through" technique. Phase III is the 
supersonic portion of the climb from 30.000 
feet and 1.25 Mach to the altitude at which 
cruise Mach number is first attained. 
Phase IUA is the constant Mach portion of 
the climb from the end of Phase HI to the 
altitude for start of cruise. The following 
la a tabulation of the average results of 
flight tests for Phase IIIA. 



Cruise 
Profile 
Scheduled 



Avg. 
H/C 
FPM 



Power 



Long Range 2500 Cruise 



Avg. Total 
Fuel Flow 
Lb/Mia. 

666 
(20,000/ 
PPH/eng) 



High Altitude 4000 Max AB 



900 
(27,000/ 
PPH/eng) 



Obtain the time, distance, and fuel re- 
quired from brake release for takeoff at a 
field elevation of 4500 feet to 3.10 Mach 
and 73,000 feet for a standard day. Fuel 
load at brake release is 64,000 lb after sub- 
tracting ground fuel allowances for normal 
ground operation. (See Appendix, Part II, 
for ground allowance computation proce- 
dure.) Find the initial gross weight at 
brake release by adding the zero fuel weight 
and the fuel load remaining. If the zero 
fuel weight is 55,150 pounds, the initial 
gross weight is 119.150 pounds. 

Enter figure A3-1 at the Initial gross 
weight at brake release and read fuel used, 
time and distance for Phase I as 7800 
pounds, 6.47 minutes, and 48.6 nautical 
miles, respectively. 

From the table in table in figure A3-1 for 
the 4500 foot field elevation, reduce time, 
fuel, and distance by 0.30 minutes, 500 
pounds, and 1.6 nautical miles. Therefore, 
fuel used, time, and distance for Phase I 
are 7300 lb (7800-500). 6.17 mln. (6.47- 
0.30). and 47.0 nmi (48.6 - 1.6). Recom- 
pute the gross weight at the end of Phase I 
climb as 111,850 pounds (119.150 - 7300). 
Enter figure A3-3 at the recomputed gross 
weight and read fuel used, time and dis- 
tance for Phase II as 1420 pounds, 1.20 
minutes and 12.2 nautical miles. Summa- 
tion of Phase I and Phase II results in the 
fuel used, time, and distance to the start 
of Phase m as 8720 pounds (7300 + 1420), 
7.37 minutes (6.17 + 1.20), and 59.2 nautical 
miles (47.0 + 12.2). The recomputed gross 
weight for entering Phase HI will be 110,430 
pounds (119,150 - 8720). Enter figure A3-5 
with the recomputed gross weight and at * 
73,000 feet and Mach 3.10, read fuel used, 
time, and distance for Phase III as 13,500 
pounds, 9.9 minutes, and 205.6 nautical 
miles, respectively. Add all three phases 
i fuel used, time, and distance 
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PART III 

CLIMB AND DESCENT PERFORMANCE 
List of Illustration* 



Title Figure No 

to »hc - s*c toe h-.o n it ^-^-— cur 

Normal Climb Perfurmancc From Brake Release <n»wmc 
(1956 ARDC Atmosphere) 

Phase I, Subsonic Climb A3-1 

Phase U, Transonic Maneuver A3-2 

Phase m. Std Day, -10°C AT, Supersonic Climb A3-3 

Std Day, Supersonic Climb A3-4 

Std Day, + 10° C AT, Supersonic Climb A3-5 

Normal Climb Performance After Air Refueling 

(1956 ARDC Atmosphere) A 3-6 

Normal Climb Performance From Brake Release 
("MEAN TROPIC" Atmosphere) 

Phase I, Subsonic Climb A3 -7 

Phase II, Transonic Maneuver A3-8 

Phase HLMean Tropic Day -10°C AT, Supersonic Climb A3-9 

Mean Tropic Day, Suger sonic Climb A3- 10 

Mean Tropic Day +10 C AT, Supersonic Climb A3-U 

Normal Climb Performance After Air Refueling 

("MEAN TROPIC" Atmosphere) A3-12 

Military Thrust Climb Performance, Std Day -10°C AT A3-13 

Std Day A3-14 

Std Day + 10°C AT A3-15 

Std Day +24.5°C AT A3-16 

Normal Descent Performance A3- 17 

350 KEAS Descent Performance .' , .... A3-18 

Alternate 350 KEAS Descent Performance , A3- 19 

Single Engine Descent Summary - Max A/B A3-20 

Single Engine Descent - 300 KEAS A3-21 

- 350 KEAS A3-22 

- 400 KEAS A3-23 

Single Engine Turning Descent A3 -24 



NORMAL CLIMB PERFORMANCE 
FROM BRAKE RELEASE 

Figures A3-1 through A3-5 and A3-7 through 
A3-11 present normal climb performance 
from brake release to cruise altitudes for 
supersonic operation with 1956 ARDC At- 
mosphere and "MEAN TROPIC" Atmospheric 



conditions, respectively. The data is com- 
puted from results of Flight Test and Op- 
erational Testing with YJ-1 engines. The 
climb is segmented In three phases and in- 
cludes the effects of varying gross weights 
and air temperatures on fuel used, time, 
and distance. Phase I la the subsonic 
portion of the climb from brake release at 
sea level to 30,000 feet and 0.90 Mach. Cor- 
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rectlons for time, fuel, and distance are 
listed in the chart for takeoffs from other 
field elevations. Phase II Is the transonic 
acceleration portion of the climb from 
30,000 feet and 0.90 Mach to 30,000 feet and 
1.25 Mach utilizing the climb and dive tech- 
nique. Phase III ia the supersonic portion 
of the cUmb from 30,000 feet and 1.25 Mach 
to the altitude at which cruise Mach number 
is first attained. Phase IIIA is the constant 
Mach portion of the climb from the end of 
Phase HI to the altitude for start of cruise. 
The following is a tabulation of the average 
results of flight tests for Phase IHA. 



Cruise 
Profile 



Avg. 
R/C 
FPM 



Power 



Long Range 2500 Cruise 



Avg. Total 
Fuel Flow 
Lb/Min. 

666 
(20.000/ 
PPH/eng) 



High Altitude 4000 Max AB 900 

(27.000/ 
PPH/eng) 

Example: 

Obtain the time, distance, and fuol required 
from brake release for takeoff at a field 
elevation of 4500 feet to 3.10 Mach and 
73,000 feet for a standard day. Fuel load 
at brake release Is 64,000 lb after sub- 
tracting ground fuel allowances for normal 
ground operation. (See Appendix, Part n, 
for ground allowance computation procedure. ) 
Find the initial gross weight at brake re- 
lease by adding the scro fuel weight and the 
fuel load remaining. If the Bero fuel weight 
Is 55.150 pound*, the Initial gross weight Is 
119,150 pounds. Enter figure A3-1 at the 
initial gross weight at brake release and 
read fuel used, time and distance for Phase 
I as 6150 pounds. 4.8 minutes, and 34 nau- 
tical miles, respectively. 

From the table in figure A3-1, for the 4500 
foot field elevation, reduce time, fuel, and 
distance by 0.30 minutes, 500 lb, and 1.6 
nmi, respectively. Therefore, fuel used. 



time, and distance for Phase I is 5650 lb 
(6150-500). 4.5 min. (4.8 - 0.3), and 32.4 
nmi (34 - Ub), respectively. Recompute 
the gross weight at end of climb Phase I as 
113.500 pounds (119.150 - 5650). Enter 
figure A3-2 as the recomputed gross weight 
and read fuel used, time, and distance for 
Phase II as 3100 pounds, 2.9 minutes, and 
27 nautical miles, respectively. Recompute 
the gross weight at end of Phase II a« 
110,400 pounds (113,500 - 3100). Enter 
figure A3-4 with the recomputed gross 
weight and at 73,000 feet and Mach 3.10, 
read fuel used, time, and distance for 
Phase HI as 13,500 pounds, 9.9 minutes, 
and 205.6 nautical miles, respectively. 
Add all three phases and obtain fuel used, 
time, and distance as 22,250 pounds, 17.3 
minutes, and 265 nautical miles, respec- 
tively. Fuel remaining at 73,000 feet is 
41,750 pounds (64,000 - 22,250). 

Service allowances and/or allowances for 
deviations from the normal climb schedule 
can be applied to an affected phase when re- 
quired. (For example, a subsonic cruise 
operation prior to reacceleratlng might be 
scheduled In the flight plan. ) The effect of 
such an allowance must be accounted for 
when computing the initial weight to be used 
for the next phase of the climb. 



AFTER AIR REFUELING 

Figures A3-6 and A3-12 present normal 
climb performance from the end of 30,000 
foot refuel (refueling with one AB on) to the 
altitudee at which cruise Mach number ia 
reached for 1956 ARDC Atmosphere and 
"MEAN TROPIC" Atmospheric conditions, 
respectively. Adjustments which should be 
used for other end A/R altitudes are listed 
in the charts. The data is computed from 
Flight Test and Operational Testing results 
with YJ-1 engines. The assumed fuel load 
at the end of A/R is 67,300 lb. Phase IHA 
results arc identical to the tabulation in the 
previous discussion. 
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PHASE III CLIMB WITH TURNS 

Turns during climb are not recommended, 
however, if mission requirements Include 
a turn, compensation for range lost due to 
the turn must be included in the flight plan. 
For example, consider a 45 heading change 
with a 30 bank at an initial altitude of 
45.000 feet. 

To minimize the rate of climb loss due to 
turning, the recommended procedure is to 
advance power to Maximum A/B during the 
turn and maintain the speed schedule of 
450 KEAS. Resume the normal climb pro- 
cedure on completion of the turn. 

Comparison of straightaway climb and turn- 
ing climb on time, fuel and distance results 
In an overall range loss of 32 miles for a 
Mach 3.20 profile. On completion of the 
45° turn, at 49.000 feet; time, fuel and dis- 
tance to that altitude will be 0. 35 min. 730 
lb, and 6.4 ml greater than for a normal 
climb with no turn. 



MILITARY THRUST CLIMB PERFORMANCE 

Figures A3-13 thru A3-16 present Military 
climb performance for a schedule of 300 
knots equivalent airspeed (KEAS) while bo- 
low 33,300 feet and 0.90 Mach number when 
higher altitudes are attained. This power 
and speed schedule provides the most climb 
diBtance for the fuel consumed when sub- 
sonic cruising flight plana, such as for ferry 
or buddy missions, are used. 

Example (1): 

Find the time, distance and fuel required to 
climb to 30,000 feet from S. L. on a std 
-10 C day with an initial gross weight of 
105.000 lb. Enter figure A3-13 at 30,000 
ft, and at 105,000 lb Initial gross weight 
read 8.5 min, 56.6 miles and 4200 lbs. 
Adding takeoff allowances results in time, 
distance and fuel values of 9.4 min. (8.5 + 



0.9). 59.2 miles (56.6 f 2.6) and 6000 lb 
(4200 » 1800) for climb from sea level to 
30,000 feet. 

Example (2): 

Find the time, distance and fuel required 
to climb to 30,000 feet from 4500 foot take- 
off on a std day with an initial gross weight 
of 105,000 pounds. Enter figure A3-14 at 
4500 feet and at 105,000 pound Initial gross 
weight; read 0.4 min, 3.8 miles and 550 
pounds. Reenter figure A3- 14 at 30,000 
feet and an adjusted initial gross weight of 
105,550 pounds; read 8.6 min, 58.0 miles 
and 4300 pounds. Adding takeoff allowance 
and subtracting values for climb from sea 
level to 4500 feet results in time, distance 
and fuel values of 9.1 min (8.6 + . 9 - .4). 
56.8 miles (58.0 + 2.6 - 3.8) and 5550 
pounds (4300 + 1800 - 550) for climb from 
takeoff at 4500 to 30.000 feet. 



TW O ENGINE DESCEN T PERFORMANCE 

On course descent performance is shown on 
figures A3-17, A3-18, and A 3- 19. Figure 
A3- 17 presents descent performance for th« 
normal 300 KEAS schedule. Figures A3-18 
and A3-19 present 350 KEAS descent per- 
formance with forward bypass doors in the 
automatic and open positions respectively. 

SINGLE ENGINE DESCENT PERFORMANCE 

Figures A3-20 through A3-24 present singl« 
engine descent performance from 80,000 
feet and Mach 3.10 (337 KEAS). The data 
is based on flight test with the Inlet con- 
figuration as listed in the charts. Time, 
distance, and fuel required are plotted 
versus altitude. A pushover at constant 
Mach is required to Increase airspeed front 
337 KEAS to the 350 KEAS or 400 KEAS 
schedule. Better range is obtained when 
the 300 KEAS schedule Is used, reducing 
airspeed to 300 KEAS while maintaining 
constant altitude. These effects are In- 
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eluded tn the performance data. Specific 
range begins to decrease rapidly near 
50.000 feet; therefore, the charts arc In- 
dexed to an altitude of 50,000 feet so that a 
power reduction technique can be used and 
the resultant change in performance can be 
determined. The effect of changing KEAS 
at the indexed 50.000 feet has not been de- 
fined by flight testing and it no t included in 
the data. 

Figure A3 -20 summarises the effect of air- 
speed on Maximum AB descent performance 
for constant values of 300, 350, and 400 
KEAS. Figures A3-21 through A3-23 pre- 
sent the effects of decreasing power at the 
index altitude of 50,000 feet for constant 
airspeeds of 300, 350. and 400 KEAS, re- 
spectively. Figure A3-24 presents the 
effects of a 180 turn at 35 bank angle on 
a 350 KEAS descent. Approximately 23,000 
feet^of altitude is required to complete the 
180 turn. For convenience in mission 
planning, a ground track profile is also pro- 
vided. 

Find the time, distance, and fuel required 
to descend on course from 80,000 feet and 
Mach 3.10 using the 300 KEAS descent 
schedule and Minimum AB below 50,000 
feet. Enter figure A3-21 at 80,000 feet and 
read the time, distance, and fuel required 
to 50,000 feet as 8.6 minutes, 176 nautical 
miles, and 2800 pounds of fuel. Reenter at 
the final altitude of 31,500 feet on the Min- 
imum AB Une and read time, distance, and 
fuel required as 5 minutes, 52 nautical 
miles and 1600 lb of fuel. Add the results 
and obtain 13.6 minutes, 228 nautical miles, 
and 4400 pounds of fuel. 



Example (2): 

Find the track time, distance, and fuel re- 
quired to descend from 80,000 feet and Mach 
3.10 using the 350 KEAS descent schedule. 
A 90 turn is to be completed above 50,000 
feet, and Minimum AB is to be used below 
50,000 feet. Enter figure A3 -24 and note 
on the penetration distance curve that 90° 
of turn is completed at 65,000 feet altitude. 
Read time at that altitude as 3.0 minutes 
and fuel used as 1200 pounds. On the 
ground track profile note that the distance 
traveled Is 80 nautical miles. Enter figure 
A3-22 at 65,000 feet {end of turn altitude) 
and read time, distance, and fuel required 
to 50.000 feet as 4.1 minutes, 73 nautical 
miles, and 1950 pounds. Reenter at the 
final altitude of 28.000 feet on the Minimum 
AB Une and read time, distance, and fuel 
required as 3.4 minuteB, 41 nautical miles 
and 1200 lb of fuel. Add the incremental 
readings and obtain 10.5 minutes. 194 nau- 
tical miles, and 4350 pounds of fuel. 
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a« 22,200 pound*. 17.3 minutea, and 265 
nautical miles, respectively. Fuel remain- 
ing at 73,000 feet is 41,800 pound» (64,000 - 
22,200). 

Service allowances and/or allowances for 
deviation* from the normal climb schedule 
can be applied to an affected phase when re- 
quired. (For example, a subsonic cruise 
operation prior to reaccelerating might be 
schedule in the flight plan. ) The effect of 
such an allowance must be accounted for 
when computing the initial weight to be used 
for the next phase of the climb. 

Example (2): 

Obtain the MEAN TROPIC day time, dis- 
tance, and fuel required from refuel at 
29,000 feet to 0.90 Mach at 38,000 feet 
(start of Phase II). Enter fig. A3-8 at 29.000 
feet and read fuel used, time, and distance 
for Phase IA as 3740 pounds, 3.60 minutes, 
and 31.6 nautical miles, respectively. The 
recomputed gross weight for entering Phase 
H will be 118,710 pounds (122.450 - 3740). 

PHASE 111 CLIMB WITH TURNS 

Turns during climb are not recommended, 
however, if mission requirements include 
a turn, compensation for range lost due to 
the turn must be included in the flight plan. 
For example, consider a 45° heading change 
with a 30 bank, at an Initial altitude of 
45.000 feet. 

To minimize the rate of climb loss due to 
turning, the recommended procedure is to 
advance power to Maximum A/B during the 
turn and maintain the speed schedule of 
450 KEAS. Resume the normal climb pro- 
cedure on completion of the turn. 

Comparison of straightaway climb and turn- 
ing climb on time, fuel and distance results 
In an overall range loss of 32 miles for a 
Mach 3.20 profile. On completion of the 
45° turn, at 49.000 feet; time, fuel and dis- 
tance to that altitude will be 0. 35 min. 730 
lb, and 6.4 ml greater than for a normal 
climb with no turn. 



MILITARY THRUST CLIMB PERFORMANCE 

Figures A3-13 thru A3-16 present Military 
climb performance for a schedule of 300 
knots equivalent airspeed (KEAS) while be- 
low 33,300 feet and 0.90 Mach number when 
higher altitudes are attained. This power 
and speed schedule provides the moat climb 
distance for the fuel conaumed when sub- 
sonic cruising flight plans, auch as for ferry 
or buddy missions, are used. 

Example (1): 

Find the time, distance and fuel required to 
climb to 30,000 feet from S. L. on a std 
-10 C day with an Initial gross weight of 
105,000 lb. Enter figure A3- 13 at 30,000 
ft, and at 105,000 lb Initial gross weight 
read 8.5 min, 56.6 miles and 4200 lbs. 
Adding takeoff allowances results In time, 
distance and fuel valueB of 9.4 min. (8.5 + 
0.9). 59.2 miles (56.6 ♦ 2.6) and 6000 lb 
(4200 ♦ 1800) for climb from sea level to 
30,000 feet. 

Example (2): 

Find the time, distance and fuel required 
to climb to 30,000 feet from 4500 foot take 
off on a std day with an initial gross weight 
of 105,000 pounds. Enter figure A3-14 at 
4500 feet and at 105,000 pound Initial gross 
weight; read 0.4 min, 3.8 miles and 550 
pounds. Reenter figure A3-14 at 30,000 
feet and an adjusted initial gross weight of 
105,550 pounds; read 8.6 min, 58.0 miles 
and 4300 pounds. Adding takeoff allowances 
and subtracting values for climb from sea 
level to 4500 feet results In time, distance 
and fuel values of 9.1 min (8.6 + . 9 - .4), 
56.8 miles (58.0 + 2.6 - 3.8) and 5550 
pounds (4300 + 1800 - 550) for climb from 
takeoff at 4500 to 30,000 feet. 

TWO ENGINE DESCENT PERFORMANCE 

On course descent performance Is shown on 
figures A3-17, A3-18. andA3-19. Figure 
A3-17 presents descent performance for the 
normal 300 KEAS schedule. Figures A3-18 
and A3-19 present 350 KEAS descent per- 
formance with forward bypass doors in the 
automatic and open positions respectively. 
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SINGLE ENGINE DESCENT PERFORMANCE 

Single Engine Descent data la presented for 
Military, Minimum afterburning and Maxi- 
mum afterburning power at 300, 350 and 
400 KEAS with 1956 ABDC and Mean Tropic 
Atmosphere condition'. Refer to figure* 
A3-20 through A3-23B. 



Allowances For Deceleration To Descent Speed: 

When cruising at a higher KEAS than the 
desired descent schedule, the constant alti- 
tude deceleration i» made at the same power 
sotting as the constant KEAS descent. The 
constant Mach lines show the beginning 
point of the deceleration for each Mach 
number. In the situation where the cruise 
KEAS is less than the desired descent 
KEAS, the constant Mach descent is made 
with Maximum afterburning power. The 
constant Mach lines show the descent for 
different Mach numbers. 



Comparer, Of Descent Power and Speed Schedules, 



The Maximum afterburning descent, as 
compared to the Minimum afterburning and 
Military power descents, results in a longer 
distance, a longer elapsed time and more 
fuel used. The 400 KEAS descent as com- 
pared to the 350 and 300 KEAS descents re- 
sults In a slightly longer distance, less 
elapsed time and more fuel used. Maxi- 
mum overall range results If a descent 
•peed of 300 KEAS Is used and if Military 
power is used in the descent and for cruise. 
There will bo little overall range loss if 
either Minimum afterburning or Maximum 
afterburning descent power Is used as long 
as the cruise is accomplished in Military 
power. The charts are Indexed to an alti- 



tude of 50,000 feet so that a technique of 
power or airspeed change can be used and 
the resultant effect after power change in 
performance can be determined. The effect 
of c hanging KEAS at the indexed 50,000 ier~ 
has not been defined by fligh t testing an d_i^ 
not included In the data. 

CAUTION 

When making a single engine de- 
scent with the operating engine in 
Military power, the Mach rate 
limit of 1.0 Mach in three minutes 
will be exceeded. 

Single Engine Turning Descant 

Figure A3-24 presents the effects of a 180° 
turn at 35 bank angle on a 350 KEAS de- 
scent. Approximately 23,000 feet of altitude 
is required to complete the 180 turn. For 
convenience in mission planning, a ground 
track profile is also provided. 

Sample Use Of Chart. 
Example (1): 

Find distance, time and fuel to descend 
from 80,000 feet to 29.000 feet, using Mini- 
mum afterburning power and 300 KEAS. 
Initial speed is Mach 3.1 (337 KEAS). Nor- 
mal (ARDC Standard) atmosphere conditions 
are expected. Refer to Figure A3-20. 
Enter the chart at 80,000 feet and located 
the Minimum afterburning line for the 3.1 
Mach. (337 KEAS) condition, and read dis- 
tance, time and fuel to 50,000 feet. 

Distance = 137 miles 
Time = 6.8 minutes 

Fuel = 1200 pounds j 
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Enter the name chart at 29.000 feet and 
read di»tance, time and fuel from 50,000 
feet to 29,000 feet. 

Distance = 75 miles 
Time = 8.5 minutes 
Fuel = 2400 pounds 

Add the above values to obtain distance 
time and fuel from 80,000 feet and 3.1 Mach 
to 29,000 feet in Minimum afterburning at 
300 KEAS. 

Distance = 212 miles 
Time = 15.3 minutes 
Fuel ■ 3600 pounds 



Example (2); 

Find the track time, distance, and fuel re- 
quired to descond from 80,000 feet and Mach 
3.10 using the 350 KEAS descant schedule. 
A 90 turn is to be completed above 50,000 
feet, and Minimum AB is to be used below 
50,000 feet. Enter figure A3-24 and note 
on the penetration distance curve that 90° 
of turn is completed at 65,000 feet altitude. 
Read time at that altitude as 3.0 minutes 
and fuel used as 1200 pounds. On the ground 
track profile note that the distance traveled 
is 80 nautical miles. Enter figure A3-21 at 
65,000 feet (end of turn altitude) and read 
time, distance, and fuel required to 50,000 
feet as 4.1 minutes, 73 nautical miles, and 
1950 pounds. Reenter at the final altitude 
of 28,000 feet on the Minimum AB line and 
read time, distance, and fuel required as 
3.4 minutes. 41 nautical miles and 1200 lb 
of fuel. Add the incremental readings and 
obtain 10.5 minutes, 194 nautical miles, 
and 4350 pounds of fuel. 
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SUBSONIC CRUISE PERFORMANCE 
Lilt of lllwtroHont 



figure No. 

TWO ENGINE OPERATION 

Subsonic Long Range Cruise m A4-1 

Subsonic Maximum Range Cruise Climb - Mach 0.88 A4-2 

Maximum Subsonic Specific Range Summary , A4-3 

Subsonic Range Factor Summary , \\ A4-4 

Buddy Mission Cruise - Mach 0.77 and 28.000 ft ...7.7 ' A4-5 

Subsonic Specific Range - Mach 0.77 A4 _ 6 

Loiter Performance , , ' A4 , ? 

Specific Range - 10,000 ft A4-8 

Specific Range - 15,000 ft A4-9 

Specific Range - 20,000 ft ...7." A4-10 

Specific Range - 22,000 ft , ....-...!!"" A4-11 

Specific Range - 24,000 ft '/.'.Y. '. A 4-12 

Specific Range - 26,000 ft tm ' A4-13 

Specific Range - 28,000 ft , ,' m ...... ][ A4-14 

Specific Range - 30,000 ft ' A4 _j 5 

Specific Range - 32,000 ft '.".". '.".V.V.V.". *.*.".*/.* A4-16 

Specific Range - 34,000 ft *.7".7.7.7 " " A4-17 

Specific Range - 36,000 ft ' A4 _ 18 

Specific Range - 38,000 ft ,, A419 

Specific Range - 40.000 ft .........!.*!!!!"! A4-20 



SINGLE ENGINE OPERATION 

Long Range Cruise - Afterburner Operation 

Long Range Cruise - Military Thrust 

Specific Range - Military Thrust .. . " 

Single Engine Cruise Tabulation - Afterburner b Military 



INTRODUCTION 

This part of the appendix supplies two engine 
cruise and loiter performance data and 
single engine cruise performance data. The 
material for two engine operation includes 
a long range cruise chart, maximum spe- 



cific range summaries for long range 
cruise -climb and KC-135 buddy missions, 
loiter performance, and specific range 
charts for altitudes from 10,000 feet to 
40,000 feet. The single engine date show 
cruise climb range capability with and with- 
out afterburner, and a specific range chart 
for operation at Military thrust. 
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TWO ENGINE OPERATION 

The two engine performance data applies to 
operation with YJ or YJ-1 engines when 
aircraft c. g. is at 25% MAC. Operation at 
more forward e.g. conditions reduces spe- 
cific range 1% for each one percent shift in 
e.g. , as noted on the specific range charts. 



LONG RANGE CRUISE SUMMARY 

Figure A4-1 presents the constant altitude, 
maximum range cruise climb, and Military 
thrust cruise climb capability of the air- 
craft in terms of distance to go to 65,000 lbs 
gross weight (approximately 10,000 lbs fuel 
remaining). The additional distance avail- 
able to lower gross weights is also provided. 
Cruise speods for constant altitude cruise 
are tabulated on the chart. The chart can 
be used on an incremental basis for any de- 
aired start and end cruise condition. 

Exarr.plc; 

Determine the range available at 25,000 
feet, 30,000 feet, and by cruise climbing 
with an initial gross weight of 120,000 lb If 
cruise is to be terminated at 10,000 lbs fuel 
remaining (approximately 65,000 lbs gross 
weight). Figure A4-1 shows that by cruising 
at 25,000 feet the range wUl be 1700 rani. 
This range increases to 1810 nmi by cruis- 
ing at 30,000 feet. Maximum range is avail- 
able by cruise climbing at 0.88 Math number. 
Under this condition cruise would be initiated 
at 29,400 feet and ended at 41,900 feet at 
10,000 lbs fuel remaining. Distance tra- 
veled would be 1900 nml. 



MAXIMUM RANGE CRUISE CUMB 

Figure A4-2 presents the distance available 
to 65,000 lbs gross weight (approximately 
10,000 lb fuel remaining) for maximum 
range cruise climb at 0.88 Mach number and 
382,000 lb W/« . The chart can be used on 
an incremental basis for any desired start 
and end cruise condition. 



MAXIMUM SUBSONIC SPECIFIC RANGE 
SUMMARY 

Figure A4-3 presents the maximum specific 
range summary for cruise climb at various 
Mach numbers. Note that the optimum 
cruise climb occurs at Mach 0.88. This 
summary Is obtained from the aubsonic 
range factor chart, figure A4-4, by the 
equations Range Factor (instantaneous) = 
Specific Range (instantaneous) x W (Instan- 
taneous) and 6* (and Its corresponding 
pressure altitude) = W/W/S . (Refer to 
i). 



RANGE FACTOR 

Figure A4-4 presents the subsonic range 
factor for long range cruise climb at any 
Mach number. The chart shows there is a 
range factor and corresponding crutae 
climb schedule (W/f ) for a given cruise 
Mach number. This provides a quick means 
for calculating best range available for any 
given cruise Mach. The chart also shows 
that the optimum range factor (3100 lb-nmi/lb) 
occurs at Mach 0.88 and the corresponding 
cruise climb schedule (W/f ) Is 382,000 lb. 



Definition of Terrm 



W/t = Weight/pressure ratio, lb 

W ■ Aircraft gross weight, lb 

S - Pressure ratio, P/P 0 . for the flight 
pressure altitude (figure Al-8) 



Wf = Total fuel flow, lb per hour 
KTAS ■ True airspeed, knots 
Ln = Natural logarithm 
Equation! 

c . f , „ „ . , Distance flown nml 

Specific Range (avg) = 
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KTAS pmi 

Specific Range (Instantaneous) = — , — — 

W r lb 

Range Available = Specific Range (avg) x 
Fuel Used, nmi 

Range Factor (avg) = Specific Range (avg) x 
W(avg). S^xlb 

Range Factor (instantaneous) = Specific 
Range (Instantaneous) x W (instantaneous), 

gSxIb. orf^xW, 

Range Available = «"B" Factor (avgj x 
W (avg) 

Fuel Used , nmi 

Range Available = Range Factor (avg) x in 

■ initial W 
'final W '* 1 

or Range Factor (avg) ■ Z&ggL*22 , 

( final W 1 

lb x nmi 
lb 

c W 

5 a w7fi 



Example (1): 

Determine the range available and the cruise 
climb schedule for cruise at 0.80 Mach. 
(Note that this is not the optimum cruise 
speed. ) The Initial cruising weight is 
100,000 lb, and 20,000 lb of fuel are to be 
used. Assume a standard day with zero 
wind. 

a. Average gross weight i» 90,000 lb. 

b. From figure A4-4, at Mach 0.80, the 
cruise climb schedule (W/£ ) la 
275,000 lb and the range factor is 2915 
lb - nmi /lb. 



c. The range available = (2915 x 20,000/ 
90,000) = 648 nmi. 

d. The Initial pressure ratio, S , » 
(100.000/275.000) = 0.3636. 

The final pressure ratio, S , = 
(80,000/275.000) = 0.2929. 

e. Enter the standard atmosphere table, 
figure Al-8, with the initial and final 
pressure ratios, and determine the ap- 
proximate initial and final cruise alti- 
tudes as 25,500 ft and 30,500 feet, re- 
spectively. 

Example (2): 

Determine the cruise fuel required and 
cruise climb schedule for cruise at 0.75 
Mach. The planned cruise distance is 650 
nmi. Assume a standard day with zero 
wind. Planned Initial cruise gross weight 
is 100,000 lb. 

a. From figure A4-4. at Mach 0.75, the 
cruise climb schedule (W/« ) Is 
227,000 lb and the range factor is 
2730 lb - nml/lb. 



b. From section on equations 



_ Distance 

Range Factor ' 



W (Initial 
W (final 



1UU.UUU 03U 

1 W (final) = 2730 ' 
or 0 - 2380 ' W°ff,°al ) ■ 1-269; W (final) 

= (100,000/1.269) ' 78,800 lb. 

Therefore, cruise fuel required = 
(100.000 - 78.800) = 21,200 lb. 

Using the same method as In the pre- 
vious example, the approximate Initial 
and final cruise altitudes are 21,000 
feet and 26,500 feet, respectively. 
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BUDDY MISSION CRUISE 

Figure A4-S presents the distance available 
to 65,000 lbs gross weight (approximately 
10,000 lb fuel remaining) for Buddy Mission 
cruise at Mach 0.77 and 28,000 feet. The 
•peed and altitude schedule i« compatible 
with KC-135 tanker performance charac- 
teristics. The chart can be used em an in- 
cremental basis for any desired start and 
end cruise condition. 

SPECIFIC RANGE - MACH 0.77 

Figure A4-6 presents specific range data at 
Mach 0.77. The Buddy Mission altitude Is 
listed on the chart. If desired, greater 
range is obtained by cruise climbing. 

LOITER PERFORMANCE 

Figure A4-7 presents loiter performance as 
minutes per 1000 lb of fuel used. The re- 
commended speed schedulo is listed In the 
chart. 

Determine the loiter time available at 
20,000 feet for an initial gross weight of 
70.000 lb. A planned 10,000 lb of fuel la to 
be consumed. Enter figure A4-7 at 70,000 
lbs gross weight and 20,000 feet and read 
5.09 minutes per 1000 lb of fuel. Reenter 
at 60,000 lba and 20,000 feet and read 5.62 
minutes per 1000 lb of fuel. The average 
value ia 5.35 minutes per 1000 lb of fuel. 
This provides 53.5 minutes for the planned 
10.000 lbs of fuel consumption. 

SPECIFIC RANGE - CONSTANT ALTITUDE 

The specific range charts (figures A4-8 thru 
A4-15) present cruiae data for varloua con - 
stant altitudes (from 10,000 ft to 40,000 ft) 
throughout the speed range from maximum 



endurance to Military thrust. Each chart 
preaenta nautical miles per 1000 lb of fuel 
(nmi/Klb) as a function of Mach number and 
gross weight with aubscales of KEAS and 
KTAS for standard day. Also Included are 
an overlay grid of fuel flow per engine, the 
maximum range speed schedule, and the 
recommended loiter speed schedule. 



SINGLE ENGINE OPERATION 

The single engine performance data applies 
to operation with YJ engines. A five per- 
cent service allowance is Included. Refer 
to text for other items affecting the per- 
formance results. The long range cruise 
data for both Military and Afterburner op- 
eration can be used in conjunction with the 
single engine deacent information In Part 
m. Tranaition from end of deacent (aa in- 
dicated In the alngle engine deacent curves) 
to atart of single engine cruiae is accom- 
plished by drift down. Duration of drift 
down la Indeterminate and la largely de- 
pendent on piloting technique. Drift down 
constats of a slow sink period during which 
fuel economy is above the corresponding 
cruise values for the game weight aa long 
aa the actual altitude la above the acheduled 
cruiae altitude. The difference In miles 
per pound can be neglected in planning and 
providea an operational contingency pad. 
Refer to Section HI for fuel management 
during alngle engine cruiae. 

LONG RANGE CRUISE - AFTERBURNER 
OPERATION 

Figure A4-21 preaenta aingle engine long 
range cruiae performance for afterburner 
operation in terma of distance to go to 
60,000 lba groaa weight (approximately 
5000 lba fuel remaining). The chart la 
baaed on zero wind diatance without turna 
at taat day conditions. Teat EGT was 
trimmed between 780°C and 810 C for CIT 
range of -20°C to +20°C. The long range 
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PART V 

SUPERSONIC CRUISE PERFORMANCE 
Uitcf Illustrations 

Figure No . 

A5-1 



Specific Range. Ambient Temp. -66.5°C 4= , 

:; A5_4 

Long Range Cruise 4 1956 ARDC Atmosphere A5 " 5 

Climb " Cruise Intercept Point Sheet 2 of 3 . 

Cruise Performance Sh„„ t * ~t » 

High Altitude Cruise - 1956 ARDC Atmosphere " 

Fuel and Time Profile , Sheet 1 of 3 . AS-7 

Climb - Cruise Intercept Point \ sheet 2 of 3 . 

Cruise Performane Sheet 3 of 3 

Maximum A/B Celling Cruise Profil 'sheet 1 of 2 ' AS fl 

(With STD DAY cl mb, /. V. . V/. V/. V. VjSSS 1 2 2 ! 8 

Long Range Cruise - MEAN TROPIC Atmosphere 

Fuel and Time Profile Sheet 1 of 3 . A5-9 

Climb - Cruwe Intercept Point. sheet 2 of 3 . 

bruise Performance Sheet 3 of 3 

High Altitude Cruise MEAN TROPIC Atmosphere 

Fuel and Time Profile SK ..» , nf , 4 . ,„ 

<-n_v f— » 1 JL * -Sheet 1 of 3 . A5-10 

CUmb - Cruise Intercept Point .] Sheet 2 of 3 . 

Cruise Performane /Sheet 3 of 3 . 

Maximum A/B Celling Cruise Profil aeet . of , .... 

(With MEAN TROPIC climb) «T**J , °* * ' A5 " U 

Mach 3.10 6et 2 ° f 2 ' 

Specific Range. Ambient Temp. -64.7°C A , „ 

" -56. 5 °c : its 

.. as- 1 -* 

-43.5 C A5-15 

Long Range Cruise - 1956 ARDC Atmosphere 

O, e mh nd r T1 T 0 ? ^ Sheet 1 of 3 . A5-16 

Climb - Cruise Intercept Points sheet 2 of 3 

Cruise Performane \ ° ( f ' 

High Altitude Cruise I 1956 ARDC Atmosphere 

S££ nd r T1 T e ■ • U aeet 1 of 3 . A5-17 

Climb - Cruise Intercept Points sheet 2 of 3 . 

Cruise Performance Sheet 3 f 3 

Maximum A/B Ceiling Cruise Profile ... .*.'.'." .7.7 * ' * Sheet 1 of 2 ' A5-18 

(With STD DAY clljnb) J f 2 " 

Long Range Cruise - MEAN TROPIC Atmosphere " ° 

Fuel and Time Profile sheet 1 of 3 . A5-19 

Climb - Cru.se Intercept Points Sheet 2 of 3 . 

Cruise Performane ^ 3 
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Llttofillluttrotloot (Con't) 



TiUr 



High Altitude Cruise - MEAN TROPIC Atmosphere 

Fuel and Time Profile 

Climb - Cruise Intercept Points 

Cruise Performance ; 

Maximum A/B Celling Cruise Profile 

(With MEAN TROPIC climb) 

Mach 2.90 

Specific Range, Ambient Temp. 

» II II M 

•• ii ii n 



Figure No . 



Sheet 1 of 3 . A5-20 
Sheet 2 of 3 . 
Sheet 3 of 3 . 
Sheet 1 of 2 . A5-2I 
Sheet 2 of 2 . 



-66.0°C 
-56.5°C 
-53.0°C 
■42.5°C , 



Long Range Cruise - 1956 ARDC Atmosphere 

Fuel and Time Profile 

Climb - Cruise Intercept Points 

Cruise Performance 

Long Range Cruise - MEAN TRQPIC Atmosphere 

Fuel and Time Profile J 

Climb - Cruise Intercept Points 

Cruise Performance 

Performance Mission Planning Factors for Supersonic Cruise 

Rapid Deployment to ARCP - 1956 ARDC Atmosphere 

Profile of Rapid Deployment to ARCP 

(1956 ARDC Atmosphere) ° 

Rapid Deployment to ARCP - MEAN' TROPIC Atmosphere 

Profile of Rapid Deployment to ARCP 

(MEAN TROPIC Atmosphere) . . J 



A5-22 
A5-23 
A5-24 
A5-25 



Sheet 1 of 3 . A5-26 
Sheet 2 of 3 . 
Sheet 3 of 3 . 



Sheet 1 of 3 
Sheet 2 of 2 
Sheet 3 of 3 



1 of 2 . 

2 of 2 . 



Sheet 1 of 2 . 
2 of 2 . 



A 5 -27 



A5-28 
A5-29 
A5-30 

A5-31 
A5-32 



TURNING PERFORMANCE 

Figure A5-1 presents generalized turning 
performance at constant Mach numbers for 
various ambient temperatures and bank 
angles. Turn radius, distance, and time 
are plotted for a selected range of Mach 
numbers, ambient temperatures, bank 
angles, and degrees of turn. 



Example: 

For a Mach 3.00 turn at a forecast ambient 
temperature of -56.5°C, 30° bank angle, 
and a planned 180 of turn, find the turn 
radius, distance, and time. As shown in 
the chart >o enter figure A5-1 at Mach 3.00 
and -56.5 C ambient temperature and note 
that true airspeed^!* 1720 knots. Proceed 
horizontally to 30 bank angle and read turn 
radius as 74.5 nautical miles. Proceed 
downward to 180 of turn and read turn dis- 
tance as 235 nautical miles flown. Proceed 
horiaontally to 1720 KTAS and read the turn 
time as 8.1 minutes. 
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SPECIFIC RANGE 

Specific range charts are presented for 
speeds of Mach 3.20, 3.10; and 2.90 and for 
four ambient temperature conditions at each 
speed at shown by the list of illustrations. 
The data is computed from Flight Test and 
Operational Testing results with YJ-1 
engines. Corrections for a range of bank 
angles are included on each chart to show 
the effect bank angle has on specific range 
and altitude capability while turning. Sup- 
plemental scales provide KEAS- altitude in- 
formation and fuel flow conversions. 



Example: 



Refer to figure A5-13, Specific Range data 
for Mach 3.10 cruise at -5'6.5°C ambient 
temperature. Locate the Max Range cruise 
achedule line. At long range cruise power 
and 80,000 pounds gross weight the cruise 
climb altitude is 78,150 feet and the zero 
bank angle specific range is 61.0 nmi/1000 
lb of fuel. For a turn at the same power 
setting, using a 30 degree jbank angle, the 
specific range is 53.0 nmi/1000 lb of fuel 
and the altitude is 75,100 feet. The fuel 
flow per engine la 14,600 lb/hr at aero bank 
and lg.800 lb/hr at 30 degree bank for a 
-56.5 C ambient temperature day. At this 
temperature, Mach 3.1 corresponds to 1777 
KTAS as listed in the i 



LO NG RANGE AND HI GH , 
SUMMARIES 



JDE CRUISE 



Long range cruise summaries are presented 
for Mach 3.20, 3.10, and 2.90. High altitude 
cruise summaries are presented for Mach 
3.20 and 3.10. The high altitude profiles 
are based on the "90%" lines shown on the 
Specific Range charts, except that the per- 
formance shown conforms with the present 
85,000 ft altitude restriction. These data 
are presented for both the 1956 AROC At- 
mosphere and the "MEAN ^ROPIC" Atmo- 
sphere as shown in the list: of illustrations. 
The climb and cruise data are computed 
from Flight Test and Operational Testing 
results with YJ-1 engines. | Descent data is 
based on Flight Test and Operational testing 



at near standard temperatures. There are 
three sheets for each figure. The first 
sheet provides cruise summaries showing 
distance and time from end AR at 30,000 
feet through the climb, cruise, and descent 
to 20,000 feet with either 5000 lbs or 7500 
lbs of fuel reserve. The second sheet pre- 
sents cllmb-crulee intercepts which are to 
be used in conjunction with sheet 3. The 
third sheet presents performance and flight 
planning data. The initial conditions shown 
are end AR at 30,000 feet, and brake re- 
lease with either 64,000 lbs or 50.000 lbs 
fuel remaining using the normal climb 
schedule. The effect of various temper- 
atures la shown for climb and cruise per- 
formance. The descent performance shown 
is based on operational testing and does not 
Include the effect of temperature. Descent 
through a "Tropic" atmosphere may be ap- 
proximated by increasing the presented de- 
scent data by the following increment*: 

Distance - 30 mile* 

Time - 1 minute 

Fuel used - 100 pounds 

Use of the chart is Illustrated by the follow- 
ing 



Refer to figure A5-7, sheet 2 of 3 and 
sheet 3 of 3. 

Find the total distance capability and time 
required for a Mach 3.2 high altitude cruise 
with a forecast ambient temperature condi- 
tion of -56.5 C at cruise. A profile Is 
planned consisting of a heavyweight takeoff 
at sea level with standard day climb, cruise 
without turn, normal descent, and 7500 lb 
fuel reserve at 20,000 feet. Planned fuel 
load at brake release is 64,000 lb. 

Enter figure A5-7, sheet 2 of 3, at 119,150 
lb gross weight, sea level altitude^ atandarc 
day climb temperature, and -56.5 C cruise 
temperature and read the cruiae-climb In- 
tercept as 80,100 feet. Read climb distance 
as 345 miles, climb time as 20.1 minutes 
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and fuel remaining as 39.250 lb. Referring 
to figure A5-7. sheet 3 of 3, the Intercept 
of the standard day climb line and the 
-56.5°C cruise line is shown. The lower 
portion of sheet 3 of 3 shows cruise distance 
and cruise time to zero fuel remaining as a 
function of fuel remaining and cruise re- 
ference tomperature. Entering the portion 
of the curve at the fuel remaining value of 
39,250 lb and a cruise reference tempera- 
ture of -56.5 C, read the cruise distance as 
2655 miles and cruise time as 86.8 minutes. 
Then read on the cruise line (from begin- 
ning of the 7300 lb descent line) the fuel re- 
maining as 8900 lb. Reading the distance 
and time to zero fuel remaining, the dis- 
tance is 740 miles and the time is 24 min- 
utes. This gives the incremental cruise 
distance as (2655 - 740) = 1915 miles and 
the cruise time as (86,8 - 24) = 62.8 min- 




CCUISt DISTANCE-NAUTICAL MILES 




utcs. The descent to 20,000 ft is 237 miles 
and 13.8 minutes as shown by the vertical 
scales at the right side of the profile portion 
uf the chart. 

Distance and time from brake release at 
sea level with 64,000 lb fuel to 20.000 feet 
with 7 500 lb fuel remaining is: 

Distance = (345 ♦ 1915 + 237) = 2497 
miles 

Time = (20.1 ♦ 62.8 + 13.8) =■ 96.7 
minutes 



• $.000 




FUEL REMAINING ■ 1000 LB 



-70- 



-so 



-70- 




CRUISE TIME-MINUTES 



CRUISE TIME-MINUTES 
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Figures A5-30 and A5-32 (sheet 1 of 2) 
•how standard and tropic day mission pro- 
files for five representative Mach numbers, 
and portray the climb, cruise and decel- 
eration segments of the missions. Figures 
A5-30 and A5-32 (sheet 2 of 2) show the 
corresponding time and fuel remaining for 
the presented profiles. 

Figures A5-29 and A5-31 give the neces- 
sary detail information for planning a flight 
of specific length. These curves present 
the overall mission time from brake release 
to ARCP, cruise Mach number, altitude to 
initiate constant Mach climb, cruise altitude 
and the DTG to start deceleration to arrive 
at 29,000 feet at a point 20 miles from the 
ARCP. Mach 1,25 la the minimum super- 
sonic cruise Mach recommended, aa this 
speed is the "break point" for minimum 
time between subsonic and supersonic flight 
plans. For a mission distance of less than 
130 miles, the flight should be made at 0.91 
Mach. Missions longer than 130 miles would 
be flown at the Mach number given by fig- 
ures A5-29 and A5-31. 

Example: 

To select flight plan for minimum time to 
ARCP, with Mean Tropic day temperatures, 
and ARCP 300 miles from takeoff point. 

Refer to figure A5-31, "Rapid Deployment 
to ARCP". 

Mission time from brake release to ARCP 
is 23,5 minutes. 

Cruise Mach = 2.31. 

Start constant Mach climb = 55,300 feet. 
Cruise altitude = 67,000 feet. 
DTG at start decel « 117 miles. 



Changed 15 June 1968 



A5-4C/A5-4D 



A-12 



APPENDIX I 
PART V 



MAXIMUM A/B CEILING CRUISE SUMMARIES 

Miximum A/B Ceiling Cruise summaries 
arc presented for Mach 3.20 and 3.10 as 
shown in the list of illustrations. The data 
were calculated irom Flight Test and Op- 
erational Testing ro suits with YJ-1 engines. 
There are two sheets for each figure. The 
first sheet presents cruise summaries 
showing distance and time from end AH at 
32,000 feet through the climb, cruise, and 
descent to 20, 000 feet with either 5000 lbs 
or 7500 lbs fuel reserve. The second sheet 
presents cruise summaries which are in- 
dexed at 10,000 lb fuel remaining at altitude 
(zero distance and time). The initial con- 
ditions shown are end AR at 30,000 feet and 
brake release with 64,000 lbs fuel remain- 
ing using the normal climb schedule. Dis- 
tance and time allowances for reserves of 
5000, 7500, and 10,000 lbs at 20,000 feet 
are shown in the charts. To obtain the 
total distance and time, add the two dis- 
tances and times for the desired profile. 

Ex.i.-r.p.r: 

Refer to figure A5-18. sheet 2 of 2, and 
tho example figure on the following page. 

Find the total distance and time for a 3.10 
Mach maximum A/B ceiling cruise at a 
forecast ambient temperature of -56.5°C at 
cruise. A profile is planned consisting of 
a heavyweight takeoff at sea level with 
standard day climb, cruise without turns, 
and 7500 lb reserve at 20,000 feet. Planned 
fuel load at brake release is 64,000 lb. 
Enter figure A5-18, sheet 2 of 2. at the 
climb line for the sea level 64,000 lb fuel 
remaining case and read distance and time 
as 1809 nmi, and 1 hr, 09.5 min. Reenter 
at the 7500 lb reserve descent line at 20,000 
feet and read distance and time as 310 nmi 
and 16.7 min. Add the distances and times 
and obtain 2114 nmi and 1 hr, 26.2 min. 

If forecast temperatures indicate standard 
day climb and cold day cruise, -64.5°C. 
the distance will be increased by two small 
increments. The cruise distance will be 
longer due to the colder temperature, and 



the climb distance will be longer due to the 
climb to higher altitude. Referring to the 
text illustration below, which is for 119,150 
lb gross weight and 64,000 lb fuel remaining 
at brake release, the shaded triangles show 
where the standard day climb intercepts the 
four cruise lines. The cold day intercept 
shows a distance of 1635 nmi. Extend the 
climb curve to the altitude where the cold 
day cruise begins and read a distance of 
1475 nmi. The difference between these 
distances (1635 - 1475 = 160) is the increase 
In range due to cold day cruise conditions. 
The corresponding time increment is 4.3 
min. for the additional 160 nmi of cruise. 
This results in a total range and time of 
2279 nmi and 1 hr, 30.5 min. 

MISSION PLANNING FACTORS TABLE 

A Mission Planning Factors Table is pro- 
vided on figure A5-28 for quick reference 
in mission planning. 

RAPID DEPLOYMENT TO ARCP 

Figures A5-29 thru A5-32 present the data 
for a minimum time profile from brake re- 
lease to ARCP. 

The profile is defined as: 

1. 50,000 pounds fuel remaining at brake 
release. 

2. Normal climb schedule to cruise Mach 
number. 

3. Climb to cruise altitude at constant 
Mach number. 

4. Cruise for two minutes at 82° PLA. 

5. Normal deceleration to 300 KEAS. 

6. Normal 300 KEAS descent to reach 
29,000 ft at a point 20 miles from 
ARCP. 

The data are presented for both the 1956 
ARDC and Mean Tropic atmospheres. 
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TIME LIMITS 

YJT11D-20A and YJ-1 engines may be oper- 
ated continuously at all ratings u.heti within 
the normal exhaust gas teirp^raturc limits; 
however, no more than one hour may be ac- 
cumulated with EO T in excess nf the normal 
limit schedule, and EGT must be reduced 
immediately it an emergency limit temper- 
ature is exceeded. (See EGT Limits and 
figure 5-2.) 




Continuous or accumulated oper- 
ating time in the emergency EGT 
operating zone (or more than 15 
minutes may require engine re- 
moval. 

EXHAUST GAS TEMPERATURE 

The nominal operating band, normal limits 
and emergency exhaust gas temperature 
operating schedules are prescribed as a 
functio-i of compressor Inlet temperature as 
shown in figure 5-2. Limit EGT's for con- 
tinuous operation are 805 C when comprcs- 
sor^lnlet temperature is above 60°C, and 
845 C when CIT is bslow 60°C. The setting 
at which the red warning light on the EGT 
gage illuminates and the fuel derichment 
system operates, if armed, is 860°C. a 
value which is above ths normal operating 
temperature limit schedule. 

NOTE 

At compressor inlet temp?ratures 
below 5 C, the possibility of en- 
gine stall exists at EGT's between 
the maximum permissible value 
and the nominal operating band. 

In the event that emergency engine operation 
is required. EGT may be increased to 825°C 
when above 60°C CIT, or to 865°C when be- 
low 60 C CIT: however, an accurate account- 
ing of operating time in the emergency oper- 
ating zone must be maintained. 



NOte 

. Any operation in or above the 
emergency operating tone re- 
quires special maintenance 
action. 

. The permissible emergency 
EGT level at low CIT's is 
above the derich system ac- 
tuation point; therefore, the 
derich system must be dis- 
armed if this level is to be 
attained. 

COMPRESSOR INLET TEMPERATURE 

The maximum allowable compressor Inlet 
temperature la 427 C. In addition, decel- 
eration must be monitored so that engine 
cooling rates will not be excessive. While 
above am airspeed of Mach 1.8, the aircraft 
maximum r»te of descent should be such 
that rate of deceleration docs not exceed l.C 
Mach in three minutes. There is no limit- 
ation on rate of deceleration while below 
Mach 1.8. 

COMPRESSOR INLET PRESSURE 

The minimum pressure recommended for 
airstarts from stabilized windmiUing speeds 
is 7 psi. This pressure is marked by a 
green radial line. 



ENGINE SPEED 

Military and afterburning engine speeds are 
the same and are automatically scheduled bv 
the fuel control as a function of Compressor 
Inlet Temperature. The normal schedule is 
shown by figure 5-2. Engine overspeed 
above 7450 rpm requires a visual inspectior. 
of the turbine. Notify the engine manufac- 
turer If 7550 rpm is ever exceeded. Each 
instance of overapeeding should be reported 
as an engine discrepancy and should include 
the maximum rpm attained. 
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Figure 5-3 
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FUEL 



MAXIMUM WEIGHT LIMITS 



The approved fuel is PWA 523E. The PS«W 
approved source of lubricity additive, PSJ- 
67A, must be mixed with the fuel in the ratio 
of 0.29 gallons per 4000 gallons of fuel. 
Fuels such as JP-4, JP-5, and JP-6 may be 
used only for emergency requirements such 
as air refueling when standard fuel is not 
available and air refueling must be accom- 
plished or risk loss of the aircraft. Oper- 
ation with emergency fuels should be re- 
stricted to speeds below Mach 1.5. 

OIL 

The approved oil is PWA 524B. If neces- 
sary because of low ambient temperatures, 
it may be diluted with Trichloroethylene. 
Federal Specification O-T-634, Type 1, in 
accordance with Maintenance Manual pro- 
cedures. 

Oil Prstmre 

Oil pressures below 35 psi are unsafe and 
require that a landing be made as soon as 
possible, using minimum thrust required 
to sustain flight until a landing can be ac- 
complished. Normal oil pressure is from 
40 to 5S psi. Except at IDLE throttle set- 
tings, oil pressures between 35 psi and 40 
psi are undesirable and should be reported 
after flight. A gradually increasing oil 
pressure up to 60 psi is acceptable at high 
Mach numbers provided the indication re- 
turns to normal values after aircraft decel- 
erates to subsonic speed. 

Oil Temperature 

Oil^tcmperaturc must be at least 60°F 
(15 C) prior to starting unless previously 
diluted with Trichloroethylene (PWA 9003). 
Engine oil temperatures above 290 C are 
unsafe and a landing should be made as soon 
as possible if the temperature cannot be 
maintained below this value. An engine 
should not be restarted after windmilling at 
subsonic speed when CIT is less than ly'c 
(60 F) for more than 5 minutes. If re- 
started, operation above IDLE with OIL 
TEMP warning light illuminated shall be 
as brief as possible. 



Maximum gross weight is not limited ex- 
cept by takeoff performance capabilities. 
Base maximum takeoff weights on infor- 
mation provided in Part II of the Appendix. 
MAXIMUM ALTITUDE 

Maximum altitude with derichment installed 
and operational is 85,000 feet; maximum 
altitude without derichment is 75,000 feet. 

UMIT AIRSPEEDS 

(Refer to figure 5-3 foT the limit flight 
speed and altitude envelope.) 

MINIMUM AIRSPEED RESTRICTION 

The stall warning light on the annunciator 
panel and the master caution light illuminate 
when angle of attack reaches 14° in flight. 
A tone is also produced in the pilot's head- 
set. When above 135 KIAS , the speed at 
which stall warning occurs is the minimum 
airspeed restriction for the existing vehicle 
weight, e.g. , and load factor unless oper- 
ation is governed by a higher value of mini- 
mum KEAS as displayed by the Triple Dis- 
play Indicator. Minimum airspeed is 300 
KEAS above 50,000 feet. 

INDICATED AIRSPEED 

The Mac,h-airspeed indicator limit hand is 
set to indicate airspeed (KIAS ) correspond- 
ing to 500 KEAS. However, the 500 KEAS 
limit applies only at altitudes above "9400 
feet, and at airspeed below Mach 2.6. Be- 
low 9400 feet, limit airspeed decreases 
linearly with altitude from 500 KEAS at 
9400 feet to 450 KEAS at sea level. Above 
Mach 2.6, limit airspeed decreases linearly 
from 500 KEAS at Mach 2.6 to 450 KEAS at 
Mach 3.2. See figure 5-4 for variation of 
KIAS with altitude for KEAS. 

Note 

Maximum recommended operating 
speeds are at least 50 KEAS leas 
than limit airspsed*. 450 KEAS 
(Mach 0.9) is not 
below 14,800 feet. 
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RATED TIRE SPEED 

OOOOfMCH 27. 5 * 7 5 x 16 SHVU TIRES 
239 KNOTS (275 MPH) MAXIMUM GROUND SKEO RATING 
ROStMOUNT P1TOT STATIC 
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A red radial line at 135 KIAS represents the 
minimum subsonic speed restriction below 
30,000 feet when the stall warning light Is 
off. 



EQUIVALENT AIRSPEED 

The triple display indicator Is not marked 
however, the limit equivalent speeds are 
as follows unless: 

a. The Mach -air speed Instrument Indicated 
airspeed equals either the limit airspeed 
hand indication or the minimum (135 
KIAS ) restriction. 

b. The stall warning light illuminates or 
the stall warning tone is heard. 



Maximum TDI Airspeed 

The limit airspeed is 450 KEAS at sea level. 
Increasing linearly with altitude to 500 KEAS 
at 9400 feet pressure altitude; then 500 
KEAS between 9400 feet and the altitude for 
Mach 2.6. Limit airspeed then decreases 
linearly with Mach number to 450 KEAS at 
Mach 3.2. Normal operation cruise speed 
is 3.1 Mach. 



Minimum TDI Airspeed 

The minimum airspeed restriction varies 
linearly with Mach number from 135 KEAS 
(Mach 0.38) at 30,000 feet to 300 KEAS 
(Mach 1.34) at 50,000 feet, and Is then a 
constant 300 KEAS to 85,000 feet (Mach 3.1). 

LOAD FACTOR UMITS 

The maximum allowable positive load 
factor is 2.5 g's in symmetrical maneuvers 
and 2.0 g's In roll maneuvers as des- 
cribed by figure 5-6. The maximum nega- 
tive load factor is -1.0 when below 400 KEAS 
varying from -1.0 to 0 g's at higher air- 
speed as shown by figure 5-6. 



To avoid exceeding a safe angle of attack 
positive g's are limited to 1.5 g's when op- 
erating above 2.5 Mach. (This is equivalent 
to approximately a 45 bank level turn. ) 

PROHIBITED MANEUVERS 

The aircraft shall be operated in a manner 
to avoid full stalls, spins, and Inverted 
flight. Normal bank angle when operating 
above Mach 2.5 la 30 degrees. 



RATE OF DESCENT LIMITATION 

Rates of descent must be limited so as to 
maintain positive fuel tank pressure when 
sustained cruise speeds have exceeded 
Mach 2.8. 

CENTER OF GRAVITY 

The aircraft shall be operated within a c. g. 
range from 19% to 25% MAC while subsonic. 
The c. g. must be forward of 25% MAC for 
takeoff and should be as near to 19% MAC 
" possible with existing fuel for landing. 

The ait e.g. limit Is 28% MAC while super- 
sonic. This limit results from stability 
considerations at high Mach number. Ade- 
quate stability exists at farther aft centers 
of gravity between Mach 1.2 and Mach 2.6 
but for simplicity the aft limit is not 
changed. The purpose of elevon trim limits 
imposed in this Mach region is to alert the 
pilot of a major malfunction In the fuel sys- 
tem. 

On those aircraft incorporating S/B 1141, if 
an aft c. g. emergency exists and EMER for- 
ward transfer is operated to place more than 
4000 lbs in tank 1 and total fuel is less than 
30,000 lbs, the aircraft should be limited to 
maneuvers causing not more than 1.5 g. 

As elevon trim can be used as an indication 
of abnormal c. g. condition, the following 
pitch trim limits apply: 

While subsonic - no more than 1° nose down. 
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While climbing - 2-1/2° nose down from 
Mach 1.4 to Mach 2.6, 
3-1/2 nose down above 
Mach 2.6. 

At initial cruUe the trim limit is 3-1/2° 
nose down at 28% c. g. As altitude increases 
and KEAS decreases, the 28% c. g. trim 
limit becomes approximately 2° more nose 
up per 50 KEAS decrease from 450 KEAS. 
(In addition, expect approximately 1° more 
nvnr- up trim for each percent that e.g. la 
(or ward of 28% MAC). 

FUEL LOADING LIMITATIONS 

These limits to be supplied at the operating 
site. 



AIRCRAFT SYSTEM LIMITATIONS 
STABILITY AUGMENTATION SYSTEM 

The SAS shall be on for all takeoff a and 

landings. 

INLET SPIKE AND BYPASS CONTROLS 

The spike and forward bypass controls 
must be operated in the AUTO mode at all 
timos when above 80,000 feet. When Inlet 
controls must be operated manually, maxi- 
mum allowable speed is Mach 3.0. 



CANOPY 



LANDING GEAR SYSTEM 
Landing Geor 

Do not exceed 300 KEAS or Mach 0.9 with 
a maximum of 5 sideslip with gear ex- 
tended. When sideslip angle exceeds 5°, 
operation with gear extended is limited to 
Mach 0.7 or 300 KEAS. Operation at super- 
sonic speed with gear extended is prohibited. 
The landing gear is designed for landing 
*lnk speeds at touchdown which decrease 
from 9 FPS at 57,000 pounds to 5 FPS at 
123,600 pounds. Side loads during takeoff, 
landing, and taxiing must be kept to a mini- 
mum, as landing gear side load strength is 
critical during ground maneuvering. 

The maximum taxi speed recommended is 
40 knots for Goodrich 27.5 x 7.5 x 16 "sil- 
ver" tirca. The rated ground sp*ed limit 
is 239 knota. At 4500 feet elevation, 239 
knots corresponds to 210 KIAS with 108°F 
ambient tempsrature on a calm day, and 
226 KIAS at 32°F ambient temperature. 
Limit indicated airspied on the ground de- 
creases by the amount of tailwind compon- 
ent along the runway and increases by th; 
headwind component. Refer to figure 5-7 
for rated speeds at other altitudes and 
temperatures. 

Taxiing Restrictions 

A heat check is required for tiros, wheels, 
and brakes: 

Prior to takeoff when taxiing has 
exceeded one statute mile. 

When continuous taxi distance has 
exceeded 5 statute mile«. 

When clear of ths runway after an 
aborted takeoff or a heavy weight 
landing. 



The canopy shall be opened or cloaed only 
when the aircraft is completely stopped. 
Maximum taxi speed with the canopy open 
is 40 knots. Gusts or strong winds should 
be considered as a portion of the 40 knot 
speed limit. 



C 
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INITIAL BRAKING SPEED FOR STOP USING RATED BRAKE CAPACITY 



ONf STOP CAPABILITY 




5-14 



Figure 5-8 
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II required, cooling should be accomplished 
until ground inspection reveals that the tires 
and wheels are sufficiently cooled for con- 
tinued operations (temperatures relatively 
tolerable to the touch). 

NOTE 

Cooling may be accelerated by 
use of fans. 

Abort during takeoff roll requires a tire 
change. 



Broke. 

The one-stop energy rating of the brakes is 
118,800,000 foot-pounds. Speeds corre- 
• ondlng to these energy ratings from which 
stops can be made vary with gross weight, 
ambient temperature, altitude, wind, and 
whether or not the drag chute is deployed. 
Corresponding indicated airspeed, altitude, 
temperature, and weight conditions are 
shown by figure 5-8 for the above rating 
for stops on dry runways with zero wind 
component. Headwind components may be 
added to valueB shown, and tailwlnd com- 
ponents must be subtracted from values U- 
lustrated. There Is no limiatlon on air- 
speed for brake application at normal land- 
ing weights when the drag chute is used. 
Refer to Part II of the appendix for detailed 
information related to maximum refusal 
speeds and heavyweight landings with various 
operating conditions. 

Brakes in a new condition have a capacity 
for one hard stop from rated speed. If ap- 
plied sooner, they will burn out prior to 
stop. In normal operations, delaying brake 
application until below 75% of limit speeds 
reduces wear and conserves brake capacity 
for high energy stops. 

If brakes chatter at slow speeds during taxi, 
turns, and at the end of the landing roll, 
light braking only must be used to avoid 
"walking the gear" and cyclic loads on the 
airframe structure. 



DRAG CHUTE LIMITATIONS 

The maximum speed for drag chute deploy- 
ment is 210 KIAS. 



LN2Quontiry Indicator 

The LN2 quantity indicator is marked with 
a yellow caution arc between 0 and 30 liters 
remaining. Approximately 60 liters of li- 
quid nitrogen are required for a normal de- 
scent from cruise altitude to landing. De- 
scents initiated with leas than 30 liters per 
system or 60 liters total may deplete the 
LN 2 system and require use of emergency 
procedures for fuel tank pressuriiation 
failure as lower altitudes are reached. 

AUTOPILOT SYSTEM 

Updated autopUots now have no limitations 
when operating within the normal flight op- 
erating envelope. 



WARNING 



An autopilot hardover failure at 
speeds in excess of -450 KEAS below 
10,000 feet or speeds In excess of 
465 KEAS between 20,000 and 30,000 
feet will cause excessive load factor 
If Immediate pilot corrective action 
is not accomplished. 

OXYGEN SYSTEM 

Flights without a pressure suit, using the 
oxygen mask and regulator, are restricted 
to altitudes below Fl» 500 and speeds below 
420 KEAS. 
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CLIMB A ND DESCENT PERFORMANCE 



Ultof IllujtroJiom 



Title 

Figure No. 

Normal Climb Performance (1956 AS DC Atmosphere) 

Phase I, Subsonic climb from brake release A3-1 

Phase IA, Subsonic climb from off tanker A32 

Phase n, Transonic Maneuver A33 

Phase in. Std Day -10°C AT, Supersonic Climb! ! 7 7 7 7 7 ! 7 7 A3-4 

Std Day, Supersonic Climb ' A3-5 

Std Day, +10°C AT, Supersonic Climb ... .7. 7.7. . . . . . A3-6 

Normal Climb Performance ("MEAN TROPIC" Atmosphere} 

Phase I, Subsonic climb from brake release A 3-7 

Phase IA. Subsonic climb from off tanker ■•••J!""! A3-8 

Phase U, Transonic Maneuver », „ 

Phase m. Mean Tropic Day -10°C AT, Supersonic Climb ...... . . Ai^lO 

Mean Tropic Day, Supersonic Climb " " A3- 11 

x,„. t-v Tr ° pic Day +1 ° C AT ' Sup««onic Climb . . A3-12 
Military Thrust Climb Performance, Std Day -10°C AT A3-13 

Std Day . A3-14 

Std Day +10°C AT A3-15 

Std Day +24.5°C AT A3-16 

Normal Descent Performance TTZZ 

350 KEAS Descent Performance 7","" 

Alternate 350 KEAS Descent Performance 7. 7. '.7. '.7. .777; A3~-l<) 

Single Engine Descent Summary (1956 ARDC Atmosphere) 

300 KEAS ' 

350 KEAS .777 , , 

400 KEAS A3-21 

* • A3-22 

Single Engine Descent Summary ("MEAN TROPIC" Atmosphere) 
300 W f a A N 

350 KEAS ..!"7 A3-23 

400 keas 77777777777 A3 23b 

Single Engine Turning Descent!! ! \ 7 7 77 77 7 ! 777 ! ! ! '. '. 7 7 ! ! '. A3-Z4 



Changed 15 June 1968 



A3- 



APPENDIX I 

PART III A- 12 



NORMAL CLIMB PERFORMANCE 

Figure* A3-1 through A3-12 present normal 
performance to cruise altitudes for super- 
sonic operation with 1956 AH DC Atmosphere 
and "MEAN TROPIC" Atmospheric condi- 
tions, respectively. The data Is computed 
from results of Flight Test and Operational 
Testing with YJ-1 engines. The climb is 
segmented In three phases and includes the 
effects of varying gross weights and air 
temperatures on fuel used. time, and dis- 
tance. Phase I Is the subsonic portion of 
the climb from brake release at sea level 
I to 38.000 feet and 0.90 Mach. Corrections 
for time, fuel, and distance are listed in 
the chart for takeoffs from other field ele- 
vations. Phase IA is the subsonic portion 
of the climb from various refuel altitudes 
to 38,000 feet and 0.90 Mach. Phase II is 
the transonic acceleration portion of the 
climb from 38,000 feet and 0.90 Mach to 
30,000 feet and 1.25 Mach utilizing the 
"dive through" technique. Phase 111 is the 
supersonic portion of the climb from 30,000 
feet and 1.25 Mach to the altitude at which 
cruise Mach number is first attained. 
Phase TTTA is the constant Mach portion of 
the climb from the end of Phase III to the 
altitude for start of cruise. The following 
is a tabulation of the average results of 
flight tests for Phase UIA. 



Cruise 
Profile 
Scheduled 



Avg. 
R/C 
FPM 



Power 



Avg. Total 
Fuel Flow 
Lb/Mln. 



Long Range 2500 Cruise 666 

(20,000/ 
PPH/eng) 

High Altitude 4000 Max AB 900 

(27,000/ 
PPH/eng) 



Example (1): 

Obtain the time, distance, and fuel re- 
quired from brake release for takeoff at a 
field elevation of 4500 feet to 3.10 Mach 
and 73,000 feet for a standard day. Fuel 
load at brake release is 64,000 lb after sub- 
tracting ground fuel allowances for normal 
ground operation. (Sec Appendix, Part II. 
for ground allowance computation proce- 
dure.) Find the Initial gross weight at 
brake release by adding the lero fuel weight 
and the fuel load remaining. If the zero 
fuel weight is 55,150 pounds, the initial 
gross weight Is 119,150 pounds. 

Enter figure A3-1 at the initial gross 
weight at brake release and read fuel used, 
time and distance for Phase I as 7300 
pounds, 6.47 minutes, and 48.6 nautical 
miles, respectively. 

From the table In table in figure A3-1 for 
the 4500 foot field elevation, reduce time, 
fuel, and distance by 0.30 minutes, 500 
pounds, and 1.6 nautical miles. Therefore, 
fuel used, time, and distance for Phase I 
are 7 300 lb (7800-500), 6.17 min. (6.47- 
0.30). and 47.0 nmi (48.6 - 1.6). Recom- 
pute the gross weight at the end of Phase I 
climb as 111,850 pounds (119.150 - 7300). 
Enter figure A3- 3 at the recomputed gross 
weight and read fuel used, time and dis- 
tance for Phase II as 1420 pounds, 1.20 
minutes and 12.2 nautical miles. Summa- 
tion of Phase I and Phase U results in the 
fuel used, time, and distance to the start 
of Phase III as 8720 pounds (7300 + 1420), 
7.37 minutes (6.17 + 1.20), and 59.2 nautical 
miles (47.0 + 12.2). The recomputed gross 
weight for entering Phase HI will be 110,430 
pounds (119,150 - 8720). Enter figure A3-5 
with the recomputed gross weight and at 
73.000 feet and Mach 3.10. read fuel used, 
time, and distance for Phase III as 13,500 
pounds, 9.9 minutes, and 205.6 nautical 
miles, respectively. Add all three phases 
and obtain fuel used, time, and distance 
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PART III 

CLIMB AND DESCENT PERFORMANCE 
List of Illustrations 



Title 

Mr'-" To «tf - see "roc */o -i^» ytf Figure No . 

Normal Climb Performance From Brake Release Z^L^ ^'^'^ 

(1956 ARDC Atmosphere) <v» ««!/•«_ 

Phase I, Subsonic Cliinb 

*• ................ *^ mm ^ A 3 - 1 

Phase II, Transonic Maneuver , 

Phase III, StdDay. -10°C AT. Supersonic'cii'mb.'. 7.7.7.7.7.7.7 ' A 3-3 

Std Day, Supersonic Climb \ A3-4 

StdDay. t 10 C AT, Supersonic Climb " 

Normal Climb Performance After Air Refueling 

(1956 ARDC Atmosphere-) 

Normal Climb Performance From Brake Release A 

("MEAN TROPIC" Atmosphere) 

Phase I, Subsonic Climb , 

Phase II, Transonic Maneuver ................... Y," I 

Phase HI.Mean Tropic Day -10°C AT. Supersonic Climb '. 777.7.7 A3-9 

Mean Tropic Day, Supersonic Climb A3 10 

, r»i MeaD Tr ° pic Day +1 ° C 4T - Supersonic Climb .' \\\"\ \ .* .' A i-l 1 
Normal Climb Performance After Air Refueling 

("MEAN TROPIC" Atmosphere) , 

Military Thrust Climb Performance. Std Day -iO*C* «V.V. '.**".".* '.",** A3-13 

? td D »y--- fc 7777 A3-I4 

Std Day +10 C AT A3-15 

Std Day +24.5^ AT. it. 
Normal Descent Performance " 

350 KEAS Descent Performance .' a \ \l 

Alternate 350 KEAS Descent Performance ...777 V, lq 

Single Engine Descent Summary - Max A/B . . A3 70 

Single Engine Descent - 300 KEAS *Z 

" 350 KEAS ..'.'.'.'.V. A3 22 

- 400 KEAS *, " 

Single Engine Turning Descent .7.7.7.7 A3-24 



NORMAL CUMB PERFORMANCE 
FROM BRAKE RELEASE 

Figures A3-1 through A3-5 and A3 -7 through 
A3-11 present normal climb performance 
from brake release to cruise altitudes for 
supersonic operation with 1956 ARDC At- 
mosphere and "MEAN TROPIC" Atmospheric 



conditions, respectively. The data is com- 
puted from results of FUght Test and Op- 
erational Testing with YJ-1 ong i neB . 
climb Is segmented in three phases and in- 
cludes the effects of varying gross weights 
and air temperatures on fuel used, time, 
and distance. Phase I is the subsonic 
portion of the climb from brake release at 
sea level to 30.000 feet and 0.90 Mach. Cor- 
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rectlons for time, fuel, and distance are 
listed in the chart for takeofis from other 
field elevations. Phase U is the transonic 
acceleration portion of the climb from 
30,000 feet and 0.90 Mach to 30.000 feet and 
1.25 Mach utilizing the climb and dive tech- 
nique. Phase UI is the supersonic portion 
of the climb from 30,000 feet and 1.25 Mach 
to the altitude at which cruise Mach number 
is first attained. Phase 1UA is the constant 
Mach portion of the climb from the end of 
Phase IU to the altitude for start of cruise. 
The following Is a tabulation of the average 
results of flight tests for Phase IUA. 



Cruise 
Profile 
Scheduled 



Avg. 
R/C 
FPM 



Power 



Avg. Total 
Fuel Flow 
Lb/Min. 



Long Range 2500 Cruise 



666 
(20,000/ 
PPH/cng) 

High Altitude 4000 Max AB 900 

(27,000/ 
PPH/eng) 

Example: 

Obtain the time, distance, and fuel required 
from brake release for takeoff at a field 
elevation of 4500 feet to 3.10 Mach and 
73,000 feet for a standard day. Fuel load 
at brake release Is 64,000 lb after sub- 
tracting ground fuel allowances for normal 
ground operation. (See Appendix. Part IL 
for ground allowance computation procedure. ) 
Find the initial gross weight at brake re- 
lease by adding the zero fuel weight and the 
fuel load remaining. If the zero fuel weight 
Is 55,150 pounds, the initial gross weight Is 
1 19,150 pounds. Enter figure A3-1 at the 
initial gross weight at brake release and 
read fuel used, time and distance for Phase 
I as 6150 pounds, 4.8 minutes, and 34 nau- 
tical miles, respectively. 

From the table in figure A3- 1, for the 4500 
foot field elevation, reduce time, fuel, and 
distance by 0.30 minutes, 500 lb, and 1.6 
nmi, respectively. Therefore, fuel used. 



time, and distance for Phase I is 5650 lb 
(6150-500), 4.5 min. (4.8 - 0.3), and 32.4 
nmi (34 - L6), respectively. Recompute 
the gross weight at end of climb Phase I as 
113,500 pounds (119,150 - 5650). Enter 
figure A3-2 as the recomputed gross weight 
and read fuel used, time, and distance for 
Phase II as 3100 pounds, 2.9 minutes, and 
27 nautical miles, respectively. Recompute 
the gross weight at end of Phase II as 
110,400 pounds (113,500 - 3100). Enter 
figure A3-4 with the recomputed gross 
weight and at 73.000 feet and Mach 3.10, 
read fuel used, time, and distance for 
Phase IU as 13,500 pounds, 9.9 minutes, 
and 205.6 nautical miles, respectively. 
Add all three phases and obtain fuel used, 
time, and distance as 22,250 pounds, 17.3 
minutes, and 265 nautical miles, respec- 
tively. Fuel remaining at 73,000 feet is 
41,750 pounds (64,000 - 22,250). 

Service allowances and/or allowances for 
deviations from the normal climb schedule 
can be applied to an affected phase when re- 
quired. (For example, a subsonic cruise 
operation prior to reacr.elcratlng might be 
scheduled in the flight plan. ) The effect of 
such an allowance must be accounted for 
when computing the initial weight to be used 
for the next phase of the climb. 



AFTER AIR REFUELING 

Figures A3-6 and A3- 12 present normal 
climb performance from the end of 30,000 
foot refuel (rofueling with one AB on) to the 
altitudes at which cruise Mach number is 
reached for 1956 ARDC Atmosphere and 
"MEAN TROPIC" Atmospheric conditions, 
respectively. Adjustments which should be 
used for other end A/R altitudes are listed 
in the charts. The data is computed from 
Flight Test and Operational Testing results 
with YJ-1 engines. The assumed fuel load 
at the end of A/R is 67,300 lb. Phase IUA 
results arc identical to the tabulation in the 
previous discussion. 
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PHASE III CUMB WITH TURNS 

Turns during climb arc not recommended, 
however, if mission requirements include 
a turn, compensation for range lost due to 
the turn must be included in the flight plan. 
For example, consider a 45 heading change 
with a 30 bank at an Initial altitude of 
45,000 feet. 

To minimize the rate of climb loss due to 
turning, the recommended procedure is to 
advance power to Maximum A/B during the 
turn and maintain the speed schedule of 
450 KEAS. Resume the normal climb pro- 
cedure on completion of the turn. 

Comparison of straightaway climb and turn- 
ing climb on time, fuel and distance results 
in an overall range loss of 32 miles for a 
Mach 3.20 profile. On completion of the 
45 turn, at 49,000 feet; time, fuel and dis- 
tance to that altitude will be 0. 35 mln, 7 30 
lb, and 6.4 ml greater than for a normal 
climb with no turn. 



MILITARY THRUST CLIMB PERFORMANCE F 

Figures A3-13 thru A3-16 present Military 
climb performance for a schedule of 300 
knots equivalent airspeed (KEAS) while be- 
low 33,300 feet and 0.90 Mach number when 
higher altitudes are attained. This power 
and speed schedule provides the most climb 
distance for the fuel consumed when sub- 
sonic cruising flight plans, such as for ferry 
or buddy missions, are used. 

Example (1); 

Find the time, distance and fuel required to 
climb to 30,000 feet from S. L. on a std 
-10 C day with an initial gross weight of 
105,000 lb. Enter figure A3-13 at 30.000 
ft. and at 105,000 lb initial gross weight 
read 8.5 min, 56.6 miles and 4200 lbs. 
Adding takeoff allowances results In time, 
distance and fuel values of 9.4 mln. (8.5 + 



0.9), 59.2 miles (56.6 + 2.6) and 6000 lb 
(4200 + 1800) for climb from sea level to 
30.000 feet. 

Example (2): 

Find the time, distance and fuel required 
to climb to 30.000 feet from 4500 foot take- 
off on a std day with an initial gross weight 
of 105,000 pounds. Enter figure A3 -14 at 
4500 feet and at 105,000 pound initial gross 
weight; read 0.4 mln. 3.8 miles and 550 
pounds. Reenter figure A3-14 at 30,000 
feet and an adjusted initial gross weight of 
105,550 pounds; read 8.6 min, 58.0 miles 
and 4300 pounds. Adding takeoff allowances 
and subtracting values for climb from sea 
level to 4500 feet results in time, distance 
and fuel values of 9.1 min (8.6 + . 9 - .4), 
56.8 miles (58.0 I 2.6 - 3.8) and 5550 
pounds (4300 + 1800 - 550) for climb from 
takeoff at 4500 to 30,000 feet. 



TWO ENGINE DESCENT PERFORMANCE 

On course descent performance is shown or. 
figures A3-17. A3-18, and A3-19. Figure 
A3- 17 presents descent performance for tho 
normal 300 KEAS schedule. Figures A3-18 
and A3-19 present 350 KEAS descent per- 
formance with forward bypass doors in the 
automatic and open positions respectively. 

SINGLE ENGINE DESCENT PERFORMANCE 

Figures A3-20 through A3-24 present single 
engino descent performance from 80,000 
feet and Mach 3. 10 (337 KEAS). The data 
is based on flight test with the inlet con- 
figuration as listed in the charts. Time, 
distance, and fuel required are plotted 
versus altitude. A pushover at constant 
Mach is required to Increase airspeed from 
337 KEAS to the 350 KEAS or 400 KEAS 
schedule. Better range is obtained when 
the 300 KEAS schedule Is used, reducing 
airspeed to 300 KEAS while maintaining 
constant altitude. These effects are in- 
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eluded in the performance data. Specific 
range begins to decrease rapidly near 
50,000 feet; therefore, the charts are in- 
dexed to an altitude of 50,000 feet so that a 
power reduction technique can be used and 
the resultant change In performance can be 
determined. The effect of changing KEAS 
at the indexed 50,000 feet has not been d e- 
fined by flight testing and U not Included in 
the data. 

Figure A3-20 summarizes the effect of air- 
speed on Maximum AB descent performance 
for constant values of 300, 350, and 400 
KEAS. Figure. A3-21 through A3-23 pre- 
sent the effects of decreasing power at the 
index altitude of 50,000 feet for constant 
airspeeds of 300. 350, and 400 KEAS, re- 
spectively. Figure A3 -24 presents the 
effects of a 180 turn at 35 bank angle on 
a 350 KEAS descent. Approximately 23,000 
fee^of altitude is required to complete the 
180 turn. For convenience in mission 
planning, a ground track, profile is also pro- 
vided. 

Example (1): 

Find the time, distance, and fuel required 
to descend on course from 80,000 feet and 
Mach 3.10 using the 300 KEAS descent 
schedule and Minimum AB below 50,000 
feet. Enter figure A3-21 at 80,000 feet and 
read the time, distance, and fuel required 
to 50.000 feet as 8.6 minutes. 176 nautical 
miles, and 2800 pounds of fuel. Reenter at 
the final altitude of 31,500 feet on the Min- 
imum AB line and read time, distance, and 
fuel required as 5 minutes. 52 nautical 
miles and 1600 lb of fuel. Add the results 
and obtain 13.6 minutes. 228 nautical miles, 
and 4400 pounds of fuel. 



Example (2): 

Find the track time, distance, and fuel re- 
quired to descend from 80,000 feet and Mach 
3.10 using the 350 KEAS descent schedule. 
A 90 turn is to be completed above 50,000 
feet, and Minimum AB is to be used below 
50,000 feet. Enter figure A3-24 and note 
on the penetration distance curve that 90° 
of turn is completed at 65,000 feet altitude. 
Read time at that altitude as 3.0 minutes 
and fuel used as 1200 pounds. On the 
ground track profile note that the distance 
traveled Is 80 nautical miles. Enter figure 
A3-22 at 65,000 feet (end of turn altitude) 
and read time, distance, and fuel required 
to 50,000 feet as 4.1 minutes, 73 nautical 
miles, and 1950 pounds. Reenter at the 
final altitude of 28,000 feet on the Minimum 
AB line and read time, distance, and fuel 
required as 3.4 minutes, 41 nautical miles 
and 1200 lb of fuel. Add the Incremental 
readings and obtain 10.5 minutes, 194 nau- 
tical miles, and 4350 pounds of fuel. 
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as 22,200 pounds, 17.3 minutes, and 265 
nautical miles, respectively. Fuel remain- 
ing at 73,000 feet Is 41,800 pounds (64,000 - 
22,200). 

Service allowances and/or allowances for 
deviations from the normal climb schedule 
can be applied to an affected phase when re- 
quired. (For example, a subsonic cruiae 
operation prior to reaccelerating might be 
schedule in the flight plan. ) The effect of 
such an allowance must be accounted for 
when computing the initial weight to be used 
for the next phase of the climb. 

Example (2): 

Obtain the MEAN TROPIC day time, dis- 
tance, and fuel required from refuel at 
29,000 feet to 0.90 Mach at 38,000 feet 
(start of Phase II). Enter fig. A3-8 at 29,000 
feet and read fuel used, time, and distance 
for Phase IA as 3740 pounds, 3.60 minutes, 
and 31.6 nautical miles, respectively. The 
recomputed gross weight for entering Phase 
II will be 118,710 pounds (122,450 - 3740). 

PHASE III CUMB WITH TURNS 

Turns during climb are not recommended, 
however, if mission requirements include 
a turn, compensation for range lost due to 
the turn must be included in the flight plan. 
For example, consider a 45° heading change 
with a 30 bank at an Initial altitude of 
45,000 feet. 

To minimize the rate of climb loss due to 
turning, the recommended procedure is to 
advance power to Maximum A/B during the 
turn and maintain the speed schedule of 
450 KEAS. Resume the normal climb pro- 
cedure on completion of the turn. 

Comparison of straightaway climb and turn- 
ing climb on time, fuel and distance results 
In an overall range loss of 32 miles for a 
Mach 3.20 profile. On completion of the 
45 turn, at 49,000 feet; time, fuel and dis- 
tance to that altitude will be 0. 35 mln, 7 30 
lb, and 6.4 mi greater than for a normal 
climb with no turn. 



MILITARY THRUST CUMB PERFORMANCE 

Figures A3-13 thru A3-16 present Military 
climb performance for a schedule of 300 
knots equivalent airspeed (KEAS) while be- 
low 33,300 feet and 0.90 Mach number when 
higher altitudes are attained. This power 
and speed schedule provides the moat climb 
distance for the fuel consumed when sub- 
sonic cruising flight plans, such as for ferry 
or buddy missions, are used. 

Example (1): 

Find the time, distance and fuel required to 
climb to 30,000 feet from S. L. on a std 
-10 C day with an initial gross weight of 
105,000 lb. Enter figure A3-13 at 30,000 
ft, and at 105,000 lb Initial gross weight 
read 8.5 mln, 56.6 miles and 4200 lbs. 
Adding takeoff allowances results in time, 
distance and fuel values of 9.4 mln. (8.5 ♦ 
0.9), 59.2 miles (56.6 + 2.6) and 6000 lb 
(4200 * 1800) for climb from sea level to 
30,000 feet. 

Example (2): 

Find the time, distance and fuel required 
to climb to 30,000 feet from 4500 foot take 
off on a std day with an Initial gross weight 
of 105,000 pounds. Enter figure A3- 14 at 
4500 feet and at 105,000 pound Initial gross 
weight; read 0.4 mln. 3.8 miles and 550 
pounds. Reenter figure A3-14 at 30,000 
feet and an adjusted Initial gross weight of 
105,550 pounds; read 8.6 min, 58.0 miles 
and 4300 pounds. Adding takeoff allowances 
and subtracting values for climb from sea 
level to 4500 feet results in time, distance 
and fuel values of 9.1 min (8.6 + . 9 - .4), 
56.8 miles (58.0 + 2.6 - 3.8) and 5550 
pounds (4300 ♦ 1800 - 550) for climb from 
takeoff at 4500 to 30,000 feet. 

TWO ENGINE DESCENT PERFORMANCE 

On course descent performance Is shown on 
figures A3-17, A3-r8, and A3- 19. Figure 
A3-17 presents descent performance for the 
normal 300 KEAS schedule. Figures A3 -18 
and A3-19 present 350 KEAS descent per- 
formance with forward bypass doors In the 
automatic and open positions respectively. 
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SINGLE ENGINE DESCENT PERFORMANCE 

Single Engine Descent data ie presented for 
Military, Minimum afterburning and Maxi - 
mum afterburning power at 300, 350 and 
400 KEAS with 1956 AS DC and Mean Tropic 
Atmo«phere condition*. Refer to figures 
A3 -20 through A3-23B. 



Allowances For Deceleration To Descent Speed: 

When cruising at a higher KEAS than the 
desired descent schedule, the constant alti- 
tude deceleration is made at the same power 
setting as the constant KEAS descent. The 
constant Mach lines show the beginning 
point of the deceleration for each Mach 
number. In the situation where the cruise 
KEAS Is less than the desired descent 
KEAS, the constant Mach descent is made 
with Maximum afterburning power. The 
constant Mach lines show the descent for 
different Mach numbers. 



Comparison Of Descent Power and Speed Schedules: 

The Maximum afterburning descent, as 
compared to the Minimum afterburning and 
Military po wer descents, results in a longer 
distance, a longer elapsed time and more 
fuel used. The 400 KEAS descent as com- 
pared to the 350 and 300 KEAS descents re- 
sults in a slightly longer distance, less 
elapsed time and more fuel used. Maxi- 
mum overall range results If a descent 
speed of 300 KEAS is used and If Military 
power is used in the descent and for cruise. 
There will be little overall range loss if 
either Minimum afterburning or Maximum 
afterburning descent power is used as long 
as the cruise Is accomplished in Military 
power. The charts are indexed to an alti- 



tude of 50,000 feet so that a technique of 
power or airspeed change can be used and 
the resultant effect after power change in 
performance can be determined. The effec 
of changing KEAS at the Indexed 50,000 feet 
has not been defined by flight testing and Is 
not included in the data, 

CAUTION 

When making a single engine de- 
scent with the operating engine In 
Military power, the Mach rate 
limit of 1.0 Mach in three minutes 
will be exceeded. 



Single Engine Turning Descent 

Figure A3 q -24 presents the effects of a 180° 
turn at 35 bank angle on a 350 KEAS de- 
scent. Approximately 23,000 feet of altitude 
is required to complete the 180° turn. For 
convenience in mission planning, a ground 
track profile is also provided. 

Somple Use Of Charts 
Example (1): 

Find distance, time and fuel to descend 
from 80.000 feet to 29.000 feot. using Mini- 
mum afterburning power and 300 KEAS. 
Initial speed is Mach 3.1 (337 KEAS). Nor- 
mal (ARDC Standard) atmosphere conditions 
are expected. Refer to Figure A3 -20. 
Enter the chart at 80,000 feet and located 
the Minimum afterburning line for the 3.1 
Mach, (337 KEAS) condition, and read dis- 
tance, time and fuel to 50,000 feet. 

Distance = 137 miles 
Time = 6.8 minutes 
Fuel = 1200 pounds 
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Enter the same chart at 29,000 feet and 
read distance, time and fuel from 50,000 
feet to 29,000 feet. 

Distance = 75 miles 
Time = 8.5 minutes 
Fuel = 2400 pounds 

Add the above values to obtain distance 
time and fuel from 80.000 feet and 3.1 Mach 
to 29,000 feet In Minimum afterburning at 
300 KEAS. 

Distance = 212 miles 
Time = 15.3 minutes 
Fuel = 3600 pounds 



Example (2): 

Find the track time, distance, and fuel re- 
quired to descend from 80,000 feet and Mach 
3.10 using the 350 KEAS descent schedule. 
A 90 turn is to be completed above 50.000 
feet, and Minimum AB Is to be used below 
50,000 feet. Enter figure A3-24 and note 
on the penetration distance curve that 90° 
of turn is completed at 65.000 feet altitude. 
Bead time at that altitude as 3.0 minutes 
and fuel used as 1200 pounds. On the ground 
track profile note that the distance traveled 
is 80 nautical miles. Enter figure A3-21 at 
65,000 feet (end of turn altitude) and read 
time, distance, and fuel required to 50,000 
feet as 4.1 minutes, 73 nautical miles, and 
1950 pounds. Reenter at the final altitude 
of 28,000 feet on the Minimum AB line and 
read time, distance, and fuel required as 
3.4 minutes, 41 nautical miles and 1200 lb 
of fuel. Add the incremental readings and 
obtain 10.5 minutes, 194 nautical miles, 
and 4350 pounds of fuel. 
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